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1. PROJECT DEFINITION

Considered a national treasure, and designateldebyited States Environmental
Protection Agency (USEPA) as an Outstanding NatiBesource Water (ONRW),
beautiful Lake Tahoe and its surrounding waterstec captured the eyes and
imaginations of the public and scientists for mdegades. Situated high in the Sierra
Nevada Mountains across the California—Nevada btatger, the Lake Tahoe Basin
covers approximately 315 square miles; the lakeagilen is at about 6,220 feet (Figure
1-1). The basin is characterized by steep moumstapes, evergreen and mixed forests,
and urban development at various locations arobaghérimeter of the lake. Popular
recreational activities include skiing, hiking, aceimping, as well as other outdoor
activities.

Lake Tahoe is one of the most pristine lakes intbdd. In recent decades, however,
once-pristine portions of the Lake Tahoe Basin H@a@me urbanized. Studies during
the past 40 years have shown that many factorsinteracted to degrade the basin’s air
quality, terrestrial landscape, and water qualityese factors include land disturbance,
an increasing resident and tourist population, taéldiestruction, air pollution, soil
erosion, roads and road maintenance, and losswfahéandscapes capable of detaining
and infiltrating rainfall runoff. Since 1968 the&kkis Secchi depth clarity has declined at
a rate of nearly 1 foot per year. To stop and =véhnis trend, a Total Maximum Daily
Load (TMDL) and associated basin management pibaing developed for the Lake
Tahoe Basin.

The TMDL process identifies the maximum load oiodlyiant a waterbody is able to
assimilate while still fully supporting its desiged uses. The TMDL process also
allocates portions of the allowable load to allrees, identifies the necessary controls
that might be implemented voluntarily or througgukatory means, and describes a
monitoring plan and associated corrective feedlbaaf to ensure that uses are fully
supported. Watershed modeling is often used durMBL development to help with
one or more of these tasks. Models can be useelpdit in gaps in observed water
guality data, estimate existing pollutant sourtesughout a watershed, calculate
allowable loads, and assess the potential effews® of various control options.
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Figure 1-1. Location of the Lake Tahoe Basin.

A TMDL for Lake Tahoe is under development; it la@msendpoint target of the mean
annual water clarity (measured as Secchi depthjgltine period 1967-1971. In support
of this effort, a comprehensive watershed modebiess developed for the Lake Tahoe
Basin as part of the 2007 Lake Tahoe technical TNtidiative (Reuter and Roberts
2004). The primary reasons for developing a watgtshodel for Lake Tahoe are the

following:

* To determine basin-wide estimates for watershedithgeof sediment and
nutrients to Lake Tahoe based on land use type




* To provide input to the Dynamic Lake Model (DLMY fine Clarity TMDL,
developed by the University of California at Dag@&hladow et. al 2004)

» To create a platform to determine the allowabléypaht load or load allocation
from each subwatershed

» To project load reductions from various best mansge practices (BMPs) and
other management scenarios

No such model had been previously developed foL#ke Tahoe Basin. The physical
setting (which includes a complex topography wihiridividual watersheds plus
numerous large parcels that drain directly to #ke), climate patterns,
hydrologic/geologic characteristics, and pollutareinagement considerations demanded
an innovative solution and approach for watershedeting. Integral to the Lake Tahoe
modeling effort was adaptation of the model toune scientific results from multiple
studies by various research institutions, as veelirdque subalpine environment
considerations. The high level of detail involvaccompiling, analyzing, and organizing
the required data for the modeling effort not dménefits the current TMDL objectives
but also forms a lasting database of informatiosupport other future scientific and
water quality planning studies in the basin.

The purpose of this document is to explain the wgatd modeling approach and present
results for the Lake Tahoe Basin. The model s@ergirocess, modeling approach, and
model testing or calibration process are detalbults of model application to predict
existing conditions and alternative loading scesdre also presented. Detailed results
from the watershed model are being used as ingatfdathe DLM.




2. MODEL SELECTION

Two different types of models were necessary takate conditions in the Lake Tahoe
Basin. A watershed model was used to address tier@eon of pollutant loads over the
land surface and through groundwater contributiassyell as to predict the resulting
impact on stream water quality. A separate recgiwater model was necessary to
simulate conditions in Lake Tahoe itself (Perezddes2001, Reuter and Roberts 2004,
Swift 2004). This document focuses on the watershedel.

A watershed model is essentially a series of algms that integrate meteorological
forcing data and watershed characteristics to sitawlpland and tributary routing
processes, including hydrology and pollutant tramnsgnce a model has been
adequately set up and calibrated, and the domimahprocesses are deemed
representative on the basis of comparison withlaviai monitored conditions, it
becomes a useful tool to quantify existing flows &ads from tributaries without gages
and from diffuse overland flow sources. Figure lluistrates the conceptual data flow
for the Lake Tahoe Watershed Model. Such a modefiges an interactive system for
evaluating “what-if” scenarios associated with ngeraent activities.

Climate Data

Total
Upland Subwatershed
Flow & Boundaries and
Load Stream Network
oo
4 .
: 1 2 -

L

Landuse Distribution

“L ndProc HSES

Figure 2-1. Conceptual data flow and interactionsdr a watershed model.




Like watershed models, receiving water models ameposed of a series of algorithms
applied to characteristics data to simulate flowkots and water quality in a water body.
The characteristics data, however, represent palyaid chemical aspects of a river,
lake, or estuary rather than those of the watershiteelse models vary from simple 1-
dimensional models to complex 3-dimensional modagsable of simulating water
movement, salinity, temperature, sediment transpod water quality. The UC Davis
Dynamic Lake Model (DLM), coupled with a water gtyasub-model and a newly
developed optical sub-model (Swift et al. 2006)swhosen to simulate water quality in
Lake Tahoe.

2.1. Selection Criteria

The pollutants of concern for the current modehpglication are fine sediment and
nutrients, specifically nitrogen and phosphorusersediment (particles < ¢@n) is
represented as a fraction of the total suspendéicheat (TSS) observed in the
tributaries. Land use in the Lake Tahoe Basin ithetuextensive areas of largely
undeveloped forest and shrub lands, residentialsargth sections of high-intensity
development, and areas disturbed by forestry opesaind fires. Different potential
sources of pollutants are associated with eacheofarious land uses, and each land use
affects the hydrology of the basin in a differermywSome of these sources contribute
relatively constant discharges of pollutants, wherethers are heavily influenced by
snowmelt and rain events.

The selection criteria for a specific watershed eledere based on technical, regulatory,
and stakeholder-specified considerations in theeled&hoe Basin. Based on these
considerations, the following factors were consedetritical to selecting an appropriate
watershed model. The model should:

* Be able to quantify the pollutants of concern (st and nutrients)

* Be able to address a watershed that has a comaradtrural and urban land uses

* Be appropriate for simulating a large number ofvgatiersheds

* Provide adequate time-step estimation of flow aotdowersimplify storm events
to provide accurate representation of rainfall ésksmowmelt and resulting peak
runoff

* Be capable of simulating various pollutant transpagchanisms (e.g.,
groundwater contributions and sheet flow)

* Include an acceptable snowfall and snowmelt routine

» Be flexible enough to accommodate issues sucheasittuntainous environment,
where topography and meteorological conditionsatenge within a relatively
small distance

* Be able to be calibrated and validated with thetenxg long-term data in the
database available through the Lake Tahoe Intecygdonitoring Program
(LTIMP)

* Be able to be linked to an appropriate receivintewkake model




* Be a sound platform for evaluating both existingddme and hypothetical
management decisions

* Be based on best available data and science

* Be non-proprietary, tested, and approved by USEPA

* Be adaptable and available for future applications

2.2. Loading Simulation Program C++ (LSPC) Overview

On the basis of the considerations described abogigorevious modeling experience, the
USEPA-approved Loading Simulation Program C++ (LpREs selected for Lake
Tahoe watershed modelinigtip://www.epa.gov/athens/wwatsc/html/Ispc.hnbISPC is

a watershed modeling system that includes Hydrol8gnulation Program—FORTRAN
(HSPF) algorithms for simulating watershed hydrglogrosion, and water quality
processes, as well as in-stream transport procdsSE€ integrates a geographic
information system (GIS), comprehensive data seeg management capabilities, the
original HSPF algorithms, and a data analysis/postessing system into a convenient
PC-based Windows environment. The algorithms of C@Re identical to a subset of
those in the HSPF model. LSPC is maintained byXt8EPA Office of Research and
Development in Athens, Georgia, and is a compooktSEPA’s National TMDL
Toolbox fttp://www.epa.gov/athens/wwqtsc/index.hxn#\ brief overview of the HSPF
model is provided below; a detailed discussion 8PH-simulated processes and model
parameters is available in the HSPF user's maBickriell et al. 1997).

HSPF is a comprehensive watershed and receivingr\gaglity modeling framework

that was originally developed in the mid-1970s. iBgithe past several years it has been
used to develop hundreds of USEPA-approved TMDhd,iis generally considered the
most advanced hydrologic and watershed loading headélable. The hydrologic

portion of HSPF/LSPC is based on the Stanford VEaest Model (Crawford and Linsley
1966), which was one of the pioneering watershedetso The HSPF framework is
developed in a modular fashion with many differesmponents that can be assembled in
different ways, depending on the objectives ofititividual project. The model includes
these major modules:

 PERLND for simulating watershed processes on pasviand areas

* IMPLND for simulating processes on impervious lamdas

» SEDMNT for simulating production and removal of seent

* RCHRES for simulating processes in streams andcaéiyt mixed lakes

» SEDTRN for simulating transport, deposition, andwsof sediment in streams

All of these modules include many submodules thatutate the various hydrologic,
sediment, and water quality processes in the watdrdviany options are available for
both simplified and complex process formulationzat&lly, the watershed is divided

into a series of subbasins or subwatersheds repirege¢he drainage areas that contribute
to each of the stream reaches. These subwateratetten further subdivided into
segments representing different land uses. Faldkieloped areas, the land use segments




are further divided into pervious and imperviowgctrons. The stream network links the
surface runoff and subsurface flow contributiormrfreach of the land segments and
subwatersheds and routes them through the watezdosing storage-routing
techniques. The stream-routing component consitlezst precipitation and evaporation
from the water surfaces, as well as flow contritni from the watershed, tributaries, and
upstream stream reaches. Flow withdrawals andslomes can also be accommodated.
The stream network is constructed to represerhalimajor tributary streams, as well as
different portions of stream reaches where sigaifichanges in water quality occur.

Like the watershed components, several optionaa#able for simulating water quality
in the receiving waters. The simpler options coastdansport through the waterways
and represent all transformations and removal gsEzeusing simple first-order decay
approaches. Decay may be used to represent thessetue to processes like settling and
adsorption. Judging from the relatively high defwefficiency of the Lake Tahoe
tributaries, water quality constituents are likelyremain somewhat conservative. The
LSPC framework is flexible and allows different doimations of constituents to be
modeled depending on data availability and theatijes of the study.

The advantages of choosing LSPC as the watershddlriaw the Lake Tahoe Basin
include the following:

» It simulates all the necessary constituents antespio rural and urban
watersheds.

* It has a comprehensive modeling framework that tlseproposed LSPC
approach, thereby facilitating development of TMDict only for this project but
also for potential future projects to address othmgrairments throughout the
Lake Tahoe Basin/

» It allows for customization of algorithms and sultines to accommodate the
particular needs of the Lake Tahoe Basin.

» The time-variable nature of the modeling enablssaghtforward evaluation of
the cause-effect relationship between source dwriions and water body
response, as well as direct comparison to relevatdr quality criteria.

* The proposed modeling tools are in the public donaaid approved by USEPA
for use in TMDLSs.

» The model includes both surface runoff and base (fproundwater) conditions.

* It provides storage of all physiographic, points@iwithdrawal data and
process-based modeling parameters in a Microsafeggdatabase and text file
formats to provide for efficient manipulation oftda

* It presents no inherent limitations with respedit® size and number of
watersheds and streams that can be modeled.

» It provides flexible model output options for eféat post-processing and
analysis designed specifically to support TMDL depenent and reporting
requirements.

* It can be linked to the Lake Tahoe receiving watedel (DLM).




3. MODELING APPROACH

This section of the report describes the LSPC niogl@ipproach used for the Lake
Tahoe Basin. Developing and applying the LSPC mtmlatdress the project objectives
involved the following important steps:

1. Watershed segmentation

2. Water body representation

3. Configuration of key model components—meteorolalgi@ta, land use
representation, and soils

4. Model calibration and validation (for hydrology dement, and nutrients)

5. Model simulation for existing conditions and sceosr

The first three steps are discussed in this sedfidime report. The fourth and fifth steps
are discussed in Sections 4 and 5, respectively.

3.1. Watershed Segmentation

LSPC was configured to simulate the entire LakeoEaBasin as a series of
hydrologically connected subwatersheds. The ddimeaf subwatersheds was based
primarily on topography, but it also consideredtgpaariation in sources, hydrology,
jurisdictional boundaries, and the location of wapeality monitoring and stream flow
gaging stations. The spatial division of the wdteds allowed for a more refined
resolution of pollutant sources and a more repitasiga description of hydrologic
variability.

Representing elevation change in gradual incremeassan important consideration for
subwatershed delineation. Because air temperatarenanitoring station is adjusted
according to mean watershed elevation during sniowlation (see Section 3.3),
subwatershed delineation alone can affect spapaégicted snowfall.

The great variation in topography and land usekerLake Tahoe Basin required that the
subwatersheds be small enough to minimize thesaging effects and to capture the
spatial variability. Lake Tahoe’s drainage area diagled into 184 subwatersheds
representing 63 direct tributary inputs to the |akee average size of each subwatershed
was 1,100 acres. Areas between stream mouthsitbatigldrain into the lake

(intervening zones) were modeled separately. Teapy of intervening zones were
represented in the model. Figure 3-1 shows elevati@ange and the subwatershed
delineation for the watershed model.
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Figure 3-1. Subwatershed delineation and elevatian the Lake Tahoe Basin.

3.2. Water Body Representation

Each delineated subwatershed in the LSPC modehiseptually represented; a single
stream is assumed to be a completely mixed, onestiianal segment with a constant
trapezoidal cross-section (Figure 3-2). The Naliéharography Dataset (NHD) stream
reach network was used to determine the representiteam length for each
subwatershed. Once the representative reach watHiele, slopes were calculated based
on Digital Elevation Model (DEM) data and streamdths were measured from the
original NHD stream coverage. Mean depths and adlamidlths for a number of




segments were available from field surveys condlibtethe United States Department
of Agriculture (USDA)—Agricultural Research Servic&@mon et al. 2003 Assuming
representative trapezoidal geometry for all streamesan stream depth and channel width
were estimated, using regression curves that refstream drainage area to stream
dimensions, and were compared with stream survesaslected locations—General
Creek (a wetter west shore of the basin) and Létizuse Creek (a drier east shore of the
basin). The rating curves consisted of a repreteatdepth-outflow-volume-surface area
relationship. An estimated Manning’s roughness fomeht of 0.02 was applied to each
representative stream reach based on typicaltiteraalues (Schwab et al. 1993).

Channel Cross Section

Width (bankfull)

P N = B > r2
- - Depth
w1 * Width (bankfull)
h 4
r1 * width
o h -
Y ol

Figure 3-2. Stream channel representation in the LBC model.

3.3. Meteorological Data

Hydrologic processes are time-varying and depenchanges in environmental
conditions, including precipitation, temperatuned avind speed. As a result,
meteorological data are a critical component ofensited models.

Meteorological conditions are the driving force fmmpoint source transport processes in
watershed modeling. Generally, the finer the spathd temporal resolution available for
meteorology, the more representative the assocredéelshed processes will be. As a
minimum, precipitation and evapotranspiration &guired as forcing functions for most
watershed models. For the Lake Tahoe Basin, whersrtowfall/snowmelt process is the
most significant factor in basin-wide hydrologyd#tnal data were required for snow
simulation. These data are temperature, dew pampérature, wind speed, and solar
radiation. The physical setting of the basin aredttpographic relief cause significantly
high variability in weather patterns over a relalyvshort distance in the same basin. In
addition, orographic effects at Lake Tahoe result pronounced rain shadow reaching
from the much wetter west side to the drier eai#.sThis section discusses local
observed weather data used for model calibratiostoenization of observed data to local
influences; and a high-resolution, grid-based sstnthdataset (MMS5) originally planned
for use during the TMDL scenario runs.
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Local Weather Data

An hourly time step for weather data was requicegroperly reflect diurnal temperature
changes. For snow simulation, the model uses teahperto decide whether
precipitation should be considered as rainfallrmvefall. Proper prediction of this trigger
is required to ensure proper timing of water deine the rest of the hydrologic cycle.
The timing of rainfall and snowmelt events direc#jates to the timing of predicted
sediment and nutrient loading. Likewise, the DLMuiges proper timing of watershed
boundary conditions for predictive accuracy.

There were two primary data sources for locallyerbsd weather data. One source was a
series of nine Snowpack Telemetry (SNOTEL) gagessharound the Lake Tahoe

Basin maintained by USDA'’s Natural Resources Coradiem Service (NRCS). The
SNOTEL sites record air temperature, precipitataord snow water equivalent data

(used for snowfall/snowmelt calibration). The otbata source was the National

Climatic Data Center (NCDC), which maintains a ret#nof long-term weather stations

in the region. South Lake Tahoe Airport was theydrdurly surface air gage inside the
basin.

Table 3-1 lists the weather datasets used to gen@aweather forcing files for
watershed modeling, and Figure 3-3 shows the locaif the SNOTEL and NCDC
weather stations in the watershed.

Table 3-1. Weather stations and associated data ukt simulate weather
conditions

Station Name Code | Agency? T?/%fb Ele\(/g;mn Available Data
Echo Peak ECOC1 NRCS | SNOTEL 7800 precipitation, temperature
Fallen Leaf FLFC1 NRCS | SNOTEL 6300 precipitation, temperature
Hagan's Meadow HGNC1 | NRCS | SNOTEL 8000 precipitation, temperature
Heavenly HVNC1 NRCS | SNOTEL 8850 precipitation, temperature
Marlette MRLN2 NRCS | SNOTEL 8000 precipitation, temperature
Mount Rose Ski° MRSN2 | NRCS | SNOTEL 8850 precipitation, temperature
Rubicon RUBC1 NRCS | SNOTEL 7500 precipitation, temperature
Tahoe Crossing THOC1 NRCS | SNOTEL 6750 precipitation, temperature
Ward Creek WRDC1 | NRCS | SNOTEL 6750 precipitation, temperature
iguth Lake Tahoe 93230 NCDC Hourly 6314 dew point, wind, solar radiation
Reno AP° 23185 NCDC Hourly 4410 dew point, wind, solar radiation
Emigrant Gap AP° 23225 NCDC Hourly 5276 dew point, wind, solar radiation

*NRCS is the National Resource Conservation Service; NCDC is the National Climatic Data Center.
PSNOTEL indicates data from Snowpack Telemetry stations (available as daily and hourly).
“These weather stations are outside the Lake Tahoe Basin.
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Local Temperature Data

Model testing revealed some inconsistencies imthely SNOTEL temperature and
precipitation observations when first applied dikgecrhese discrepancies needed to be
addressed to perform snow and hydrology calibra##@previously described, the
snowfall simulation module was especially sensitivair temperature data because
temperature determines whether precipitation isickemed as rain or snow. The
implications of just a few degrees of error wegngicant. Missing a single fairly sizable
snowfall event could disrupt the entire snowpackagics for the year, causing melting
when snow accumulation should be occurring. Combherd rainfall was incorrectly
considered as snow, pack accumulation occurredadsif the expected rain-on-snow
response. These inconsistencies became espedsiggnewhen snowfall was predicted
in July and August of 2000 at the Fallen Leaf statiuring a model testing run.
Consequently, discrepancies in these data weréutigneeviewed and corrected. Figure
3-4 shows the corrected SNOTEL temperature timeseat Fallen Leaf station.

Number of Impaired Hours per Day - Original Hourly SNOTEL Temperature (Fallen Leaf) —— Corrected Temperature
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Figure 3-4. Original vs. corrected SNOTEL temperatue time series at Fallen Leaf
Lake.

Through conversations with NRCS staff regardingdat-reporting procedures, it was
learned that daily precipitation totals and mininiomaximum temperatures were more
rigorously validated than the hourly datasets. ltemrhore, although the SNOTEL dataset
included quality flags for impaired values, someha reportedly unimpaired values
were outside the minimum and maximum temperaturgealhose values were flagged
as impaired. A rigorous quality assurance proced@®developed and applied to
consistently process all hourly SNOTEL data frohs#és into an acceptable condition
for watershed modeling. From Figure 3-4, one caneatn gage reporting history,
including changes in reporting frequencies, permfdsissing or impaired datasets, and
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periods of missing or impaired hourly data. Forragke, before October 1996 only daily
values were recorded. Diurnal disaggregating of SR@lidated minimum and
maximum temperature was used to patch missing paimed hourly values.

Lapse Rate Calculations

Another critical model parameter for snow simulatie the temperature correction for
elevation changes (lapse rate).

Temperature lapse rate—the rate at which temperdacreases with increasing
elevation—significantly influences snowfall pretha, especially when extrapolating
snow behavior to subwatersheds without gages.rétess particularly important in the
Lake Tahoe Basin, where elevation changes rapidly distance from the lake. LSPC
estimates lapse rate as a function of the elevdiiterence between the mean
subwatershed elevation and the elevation at theitmcwhere temperature is gaged.
Figure 3-5 shows scatter plots and linear regragsiotemperature versus elevation for
SNOTEL gages in the basin. The slope of the linrbasTahoe-specific lapse rate
approximation, which averages about 0.0022 dedfabsenheitF) per foot difference
in elevation (with arR-squared value of 0.875).

SNOTEL Temperature Lapse Rate SNOTEL Temperature Lapse Rate
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Figure 3-5. Scatter plots of SNOTEL temperature vselevation for regional lapse
rate estimate.

One outlier to the trend was the Echo Peak gaghoAgh that gage was at a relatively
high elevation, it had the highest overall tempaebf all the compared gages. At the
same time, Echo Peak experiences the second-hgesint of precipitation and
snowfall despite its high temperatures. Data amabfsowed that snow accumulation
frequently occurred even while temperatures appre@d0°F. An explanation for this
might be found by examining the areas immediatetyosinding the gage. Photographs
of the gage show that it is on a crest with vettielisurrounding vegetation. Another
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factor that was not considered in this lapse rdjestment exercise is the local
topography surrounding the gage. East-facing vesass-facing slopes might tend to
shade the gage or expose it to solar radiatios.possible that this combination of
factors exposes the gage to unimpaired heat fréan sadiation. At the same time, the
surrounding mountains at Echo Peak are probabporesble for inducing more
precipitation. The snowpack most likely persistseaese it easily reflects solar radiation
and the rocky ground beneath remains cold. Consdiguéhe lapse rate for data
excluding Echo Peak was used in LPSC.

The watershed model simulates both a wet- and éativer lapse rate. HSPF and LSPC
assume a default wet lapse rate of 0.008per foot difference in elevation. The default
hourly dry lapse rates vary between 0.0035 andSFB@er foot (Bicknell et al. 1997).
Data analysis indicated that actual temperatureelagtes in the Lake Tahoe Basin are
probably about 40 to 60 percent lower than theuwefalues used in the model. During
snow simulation, a user-defined parameter (ELDAThe mean difference between
watershed elevation and the temperature gage elavdhe original values were derived
from GIS analysis; however, since ELDAT and lagse are linearly related, a 40 to 60
percent ELDAT reduction properly corrected for Tatspecific conditions.

Evapotranspiration Calculations

Following snowfall/snowmelt simulation, evapotramapon is arguably the second most
important factor influencing Lake Tahoe Basin hydgy. Evapotranspiration in the
model is used to represent the sum of the evapaoratid transpiration that occur due to
plants in their natural environment. LSPC requiessa weather input, the potential
evapotranspiration (PEVT), which is the maximununaty achievable amount of
evapotranspiration at any given moment. Modelngstevealed that the method selected
for computing PEVT in Lake Tahoe was of great digance.

Although some methods for actually measuring evapaspiration in the field are
available, most practitioners estimate evapotraagpn using empirical formulations
that are a function of other related (and more comgnobserved) weather data. Three
widely used methods are the Hamon method (196&)J¢hsen-Haise method (1963),
and the Penman pan-evaporation method (1948). @hm& method, which is the
earliest of these three methods, computes evaporas a function of temperature, solar
radiation, dew point or relative humidity, and wimvement. The other two methods,
Hamon and Jensen-Haise, are simplified empiriqaiesentations that require fewer
observed datasets to compute. The Hamon methofircion of only temperature,
while the Jensen-Haise method requires solar radiand temperature.

The Penman method (1948) was most suitable for Tak@e. An average vegetation
(crop) factor of 0.875 (based on calibration toesteed Tahoe City reference
evapotranspiration) was used to translate Pennraseyporation to PEVT. Figure 3-6
shows monthly modeled evapotranspiration plottedresg reference monthly
evapotranspiration at Tahoe City. The annual oleskewvapotranspiration at Tahoe City
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is between 35.5 and 42.5 inches per year for neéererop (crop factor of 1.0) and
evergreen forest (crop factor of 1.2).

Tahoe City Reference ET * Reference ET adjusted for Evergreen Forest
== SPC Modeled Total ET (10/1996-9/2003)

Inches/Month
D

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

* Historical average monthly reference crop evapotranspiration for Tahoe City, California
UC Davis Division of Agriculture and Natural Resources, Publication 21454

Figure 3-6. Monthly modeled evapotranspiration (ET)at Ward Creek vs. observed
ET at Tahoe City.

Synthetic Weather Dataset

As previously mentioned, a synthetic weather dat@d®5) was developed for TMDL
scenario runs. It was not used for model calibratamly actual observed data were used
during calibration. The TMDL target for lake claris defined as the mean annual Secchi
depth during the period 1967-1971. However, wittydraulic residence time of
approximately 650 years, a nutrient doubling timelwe scale of a few decades, and
paleolimnologic data that show a lake recovery tone¢he order of many decades
(Heyvaert 1998, Jassby et al. 1995), the existagial and temporal coverage for
meteorological data was not adequate to modeldutanditions over an appropriate
ecological time scale.

High-temporal-resolution weather observations ftoray period of record are rarely
available at a small enough scale to reflect tigl diegree of spatial climate variability
known to exist in the Lake Tahoe Basin. A traditibway of overcoming this difficulty
is to statistically interpolate values between txgsweather stations where actual
observations are available. Although this typepygraach works well for a
geographically dense monitoring network with fainymogenous meteorological
characteristics, it can prove problematic in aisgtike Lake Tahoe, where the network
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of stations has low spatial density and the physietiing naturally causes high spatial
variability in meteorology. There are numerousidtmicro-climate pockets throughout
the drainage area.

To accomplish the goals of this modeling proje®iDL strategists envisioned using 42
years of reconstructed meteorological input as#ss for extrapolating future
conditions, taking the potential influence of climahange into account to the extent
possible. To perform this research and developrinit, the Lahontan Regional Water
Quality Control Board (LRWQCB) contracted with ante from the Hydrologic Research
Laboratory at the University of California at Dayi$CDHRL) led by Dr. M. Levent
Kavvas.

The strategy for the TMDL developers was to useptiegious 42 years of weather data
to drive watershed modeling into the future (byrapblating likely weather conditions).
The UC Davis research team developed a 42-yearpistith 1-hour time steps, of
meteorological conditions at a 3- by 3-kilometenag resolution for the entire drainage
area, resulting in 142 unique sets of meteoroldgnarmation. This state-of-the-art
meteorological reconstruction process was perforusing a regional atmospheric model
called MM5 (Anderson et al. 2004). MM5, the fiftlergeration atmospheric model
developed jointly by the National Center for Atmbsepc Research (NCAR) and
Pennsylvania State University, is particularly wallted for steep mountainous terrains
like the Lake Tahoe Basin (Anderson et al. 2004).

The MM5 meteorological data represent a synthéyicginerated coverage of the basin.
Because MM5 is a model, it is an approximation batvmight actually be occurring at a
particular location. The primary purpose of thiormation is to support long-term
hypothetical modeling scenarios. It is importanhtde that MM5 calibration was
actually performed using real data observatiorsekct locations throughout the basin
and at nearby sites outside the basin. While theDd@s meteorological output included
precipitation, surface air temperature, dew pa@ntperature, downward longwave
radiation, downward solar radiation, relative huityidatent heat flux, and wind speed,
calibration focused on air temperature and preatipit data from the period 1996—2000
(Anderson et al. 2004). The MM5 output is not salgdor calibrating processes and
response within the LSPC watershed model. As pusWadescribed, locally observed
data from meteorological gages in and around the Oahoe Basin were applied for
model calibration.

Inputs for the MM5 model included a dataset from Kational Center for Environmental
Prediction (NCEP), which consisted of 12-hour timerval records from 1958 to 2000
taken over a 285- by 285-kilometer area coveringsp# California and Nevada, and
orographic information about the region (Andersbale2004). Through extensive
computational demand, MM5 scales down the largar&ay NCEP data to a 3- by 3-
kilometer resolution considering orographic chanbesughout the modeling area.

A significant amount of processing and translat@s required to convert the MM5
regional weather predictions into a format suitdblevatershed modeling. Five types of
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weather information directly extracted from the MM&tput are precipitation, air
temperature, dew point temperature, wind speedsalad radiation. Evapotranspiration,
represented as a function of air and dew point &atpre, wind movement, and solar
radiation, was derived for the entire Lake TahosiBarea using the Penman method
(Penman 1948). These six different types of wedttiiermation predicted at 142
locations resulted in a set of 852 unique hourhetseries for driving the watershed
model scenarios. Figure 3-7 shows the spatial iposif the 142 weather grid cells in
relation to the Lake Tahoe watershed area. Bedaesariginal MM5 model output was
formatted in terms of spatial snapshots reportet tine, it was necessary to transpose
the entire dataset into temporal profiles at eachtion in space for the model.

After the information at each of the 142 weathédgywas processed into the required
format for direct linkage to the Lake Tahoe watedsmodel, data were assigned to each
of the 184 subwatersheds using the Theissen polygdhod. Because climate was
predicted at the grid centroids, and all the gatiscwere 3- by 3-kilometer squares
uniformly distributed over the drainage area, thei$sen polygon method was
equivalent to a straight intersect between the hezagrids and the subwatershed
boundaries. Weights were assigned to each of tAeyfid cells and aggregated to a
subwatershed basis using the area fractions ofcgtid intersecting each subwatershed
boundary. This approach provided a very high degfespatial and time resolution not
typically seen in watershed modeling.
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Figure 3-7. Location of the 142 MM5 weather grid cks in the Lake Tahoe Basin.

During MM5 model development, the model was guibgdlata from several gages
spanning a wide area in and around outside the Takee Basin (Anderson et al.,
2004). To gage the predictive ability of the MM5tewrology to drive the Lake Tahoe
watershed model, further validation of long-term BIBUmMmaries against observed
SNOTEL summaries was performed. There were nine BN(yages within the domain
of the MM5 spatial grid coverage. Data from therasaSNOTEL station were compared
with the synthetic data at the nearest MM5 grichvgiimilar elevation to assess predictive
comparability throughout the basin. Figure 3-8 stithie location of the SNOTEL gages
relative to selected MM5 cells with comparable atean. Table 3-2 contains additional

information about the nine SNOTEL gages.
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Table 3-2. SNOTEL gages and summary information (&tober 1990- September
2000).

Elevation Precipitation Temperature
Station Name Code (m) (infyr) (Deg C)
Echo Peak ECOC1 2,377 62 7.7
Fallen Leaf FLFC1 1,920 37 6.2
Hagens Meadow HGNC1 2,438 34 4.3
Heavenly HVNC1 2,698 41 3.2
Marlette MRLN2 2,438 43 4.4
Mount Rose Ski MRSN2 2,698 61 3.4
Rubicon RUBC1 2,286 44 5.4
Tahoe Crossing THOC1 2,057 37 6.6
Ward Creek WRDC1 2,057 71 5.6

Figure 3-9 shows both modified MM5 versus obselSBIDTEL gage elevation and
annual average temperature graphs. The FallendmeBEcho Peak SNOTEL data
showed temperature trend deviations from what wedigted at the other seven gages.
When Fallen Leaf and Echo Peak pairs are exclutiedg is very good agreement
between long-term MM5 and SNOTEL temperature. TiM3Wersus observed data
summaries span January 1990 through December 2000.
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Figure 3-9. MM5 vs. observed SNOTEL elevation andeimperature.

Figure 3-10 further shows comparisons between gbde8NOTEL and MM5
temperature predictions. The observed temperatoretared at Echo Peak (ECOC1) is
higher than what might be expected to occur atitgively high elevation; and although
the Fallen Leaf (FLFC1) SNOTEL gage is at the Idvedsvation in the basin, there
might be a slight cooling effect because the gagitiiated between two water bodies
(Fallen Leaf Lake and Lake Tahoe itself). This tepancy might propagate error into
predicted watershed response for the associatemhrefjthe Upper Truckee watershed.
Table 3-3 presents the percentage of differencgdmet SNOTEL and MM5
temperatures for the winter season.
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Figure 3-10. Predicted MM5 temperature vs. observe@NOTEL temperature and
elevation.

Table 3-3. Average percentage of difference betwe&NOTEL and MM5
temperatures during winter season

Weather Stations
DEVE ZY:;?( Rut;;gon Mﬁgsge MHZSSQ\?V Fallen Leaf | Echo Peak
1/1990-4/1990 | Nodata | No data 2% 4% No data -15%
11/1990-4/1991 -9% -1% 1% 7% 18% -15%
11/1991-4/1992 1% 2% 3% 9% 18% -T%
11/1992-4/1993 -4% 3% 0% 7% 16% -7%
11/1993-4/1994 -1% 2% 3% 7% 18% -8%
11/1994-4/1995 -1% 4% 6% 8% 17% -6%
11/1995-4/1996 -3% 1% 1% 7% 15% -T%
11/1996-4/1997 -2% 1% 3% 5% 13% -T%
11/1997-4/1998 -5% 2% 2% 4% 14% -8%
11/1998-4/1999 -2% 3% 6% 5% 17% -7%
11/1999-4/2000 -2% 2% 0% 2% 15% -7%
11/2000-4/2000 8% 0% -4% 13% 22% No data

The MM5 precipitation prediction is consistentlyver than the observed SNOTEL-
reported precipitation, although the relative sgdatariation approaches the observed
trends. Figure 3-11 shows predicted MM5 preciptatobserved SNOTEL precipitation,
and SNOTEL gage elevations. Figure 3-12 illustragssonal precipitation patterns at
Ward Creek for the 10 years between October 198Baptember 2000. The same trend
is observed at other MM5 grid cells around the maBhe composite seasonal
comparison reveals that the under-predicting moaotlise year coincide with snowfall-
dominated months. One potential limitation of th®predictions is a reduced
predictive ability to represent snowfall volumesidg fall, winter, and spring. Summer
rainfall predictions by MM5 are relatively closenmagnitude compared with observed
SNOTEL totals. Table 3-4 shows the percentageftdrénce between SNOTEL and
MMS5 total precipitation for the winter season.
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Figure 3-11. Predicted MM5 precipitation vs. obsered SNOTEL precipitation and
elevation.
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Figure 3-12. Seasonal MM5 precipitation vs. obserdeSNOTEL precipitation at
Ward Creek.

23



Table 3-4. Yearly percentage of difference betwee®NOTEL and MM5 total
precipitation during winter season

Weather Stations
DI 2/:\::;?( Rul;lgon Migsge U:g:g:v Fallen Leaf | Echo Peak

1/1990-4/1990 -55% -50% -56% -29% -45% -67%
11/1990-4/1991 -53% -44% -54% -20% -31% -67%
11/1991-4/1992 -46% -35% -48% -31% -42% -70%
11/1992-4/1993 -59% -54% -67% -36% -38% -67%
11/1993-4/1994 -62% -51% -58% -45% -37% -69%
11/1994-4/1995 -60% -64% -61% -11% -46% -62%
11/1995-4/1996 -62% -69% -78% -59% -67% -72%
11/1996-4/1997 -67% -63% -56% -38% -44% -69%
11/1997-4/1998 -56% -47% -64% -31% -49% -62%
11/1998-4/1999 -58% -57% -71% -42% -63% -70%
11/1999-4/2000 -57% -50% -66% -23% 30% -57%
11/2000-12/2000| -77% -T7% -83% -73% -69% -76%

The snowfall module includes a parameter called 80P, which accounts for water
volume losses due to poor snow catch efficiendh@gages. Although SNOWCF can be
adjusted to achieve satisfactory agreement for-teng water volumes, the general
timing of the snowpack buildup does not resembdegitneral shape of observed
snowpack buildup. Further refinement of the preatmn predictions might be required
to better represent the nature of snowpack buildup.

Overall, although the MM5 data represented spasightion throughout the basin very
well, it tended to under-predict precipitation beaém October and May. The MM5 model
developers stated that snow recognition is a ltmiteof the model. One proposed
solution for resolving this difference is to gerterand apply spatially derived monthly
snow correction between MM5 and observed SNOTEUMiptens. Keep in mind that
the primary purpose of the MM5 data is to suppamgtterm hypothetical modeling
scenarios. The MM5 output is not suitable for qaliing processes and response within
the LSPC watershed model, and therefore it wasised for calibration. As previously
explained, locally observed data from meteoroldgieges in and around the Lake
Tahoe Basin were applied for model calibration. frtaelel has been successfully
calibrated using observed meteorology from the SEI3ites. Further refinement of
MMS5 is required to apply it for running 40-year togpetical model scenarios; however,
no such refinement has been made at this poimhm t

3.4. Land Use Representation

LSPC requires a basis for distributing hydrologid @ollutant loading parameters. Such
a basis is necessary to appropriately represemologic variability throughout the basin,
which is influenced by land surface and subsurtd@gacteristics. It is also necessary to
represent variability in pollutant loading, whichhighly related to land practices.
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Land use typically represents the primary unitdomputing water quantity and quality.
Rural and urban land use areas in individual suésheds each contribute runoff
containing pollutant loads to a stream that flow#he lake. Lands adjacent to the lake
contribute pollutants directly to it.

Land use categories were defined in the watershatehfor the purpose of evaluating
pollutant loading from the Lake Tahoe Basin. Thaltarea of each land use category in
each subwatershed was computed and amounts ofgrmafigenerated by land use
categories were calculated based on characterigticsoil type, slope, and vegetation.

In addition to the need for land use data in comguivater quantity and quality,
nonpoint source management decisions are alsodngigibased on land use-related
activity at the subwatershed level. Therefore,aswmportant to have a detailed land use
representation with classifications that were megioil for load allocation and load
reduction.

For the Lake Tahoe Basin, no single GIS data souaseavailable that could adequately
represent land use variability and impacts byfiteed degree high enough to support a
detailed water quality modeling effort. Therefdteyas determined that the best
approach would be to build a composite layer theluded the best aspects of all
available components.

Developing the Lake Tahoe land use layer requiretajr effort relying on significant
input from several local experts and agencies mesipte for land management around
the basin. A TMDL Development Team (D-Team) wasrfed. The D-Team included
key staff from the LRWQCB, Nevada Department of iEmmvmental Protection (NDEP),
USDA Forest Service Lake Tahoe Basin Managemertt Desert Research Institute
(DRI), the Tahoe Regional Planning Agency (TRPAglifdrnia Tahoe Conservancy
(CTC), UC Davis, and Tetra Tech, Inc. (Tt). The Bai located and compiled the most
current and representative GIS land use coveragedavailable, identified advantages
and limitations inherent in each data source, andyced a composite layer that
maximized the overall accuracy for representing lase throughout the Lake Tahoe
Basin. Figure 3-13 presents the final compositd lase coverage.
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Figure 3-13. Final composite land use coverage ftine Lake Tahoe Basin.

From a large set of GIS layers that varied in ngswh and quality, a plan of action
evolved through the data review process. A numb#reomost critical GIS layers
became available only after this project had alydabun. The D-Team had to determine
a manageable and representative set of land usgocegs and identify relevant spatial
information available for representing each catggOwer the course of the development
process, certain categories and layers were indlodexcluded on the basis of ground-
truth comparisons, data duplication/exclusion, sitetspecific information about the
significance of the impact. For example, the ihii&t of land uses was modified to
exclude grazing (a practice that has almost disagpefrom the basin and whose
historical or legacy impacts are not significantvi@ter quality) and to further refine the
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open space recreational category into turfed amdtaded vegetated areas (e.g., golf-
courses versus campgrounds).

The final land use layer was based on three prirmanyces of spatial data: (1) an
updated parcel boundaries layer from a number enegs that compose the Tahoe
Basin GIS User’s Group, (2) a detailed 1-squareemsolution Hard Impervious Cover
(HIC) layer that was developed using remote sengalgniques from IKONOS satellite
imagery (Minor and Cablk 2004), and (3) a map dang erosion potential developed by
Andrew Simon (Simon et al. 2003).

The Parcel Boundaries Layer

A number of agencies composing the Tahoe BasinU&Es’s Group funded the
acquisition of the updated parcel boundaries lalis layer is a highly detailed GIS
coverage that all stakeholders can use for a yaofgblanning purposes. The new
coverage was greatly needed because the oldel fmrees had been developed using
the best available technology and resources dirtigg both of which have been
significantly improved in recent years. The fundataéadvantage of the new parcel
layer was the high resolution with which the indival parcels were delineated,
classified, and ground-truthed. This new parcelecage, accurate to within 10 feet (from
TRPA correspondence), was used to develop a badmand ownership coverage for
TRPA.

Hard Impervious Cover Layer

Developed by DRI using spectral mapping and transition techniques on IKONOS
satellite images from 2002 (Minor and Cablk 20@H¢, HIC layer is a 1-meter-resolution
grid map of all anthropogenic impervious surfadesughout the basin. This high-
resolution layer allows for a detailed spatial aostong of impervious surfaces in the
basin, including rooftops and paved roads in botfanized and rural or vegetated areas.
Because the degree of directly connected imperaeasssignificantly affects runoff
volume, timing, and pollutant load, it is desiratdeaccurately represent imperviousness
at the parcel scale over the entire basin arearé&ig-14 shows the hard impervious
cover in the Lake Tahoe Basin and an example fames.
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Figure 3-14. Hard impervious cover for the Lake Taloe Basin and example focus
area.

Upland Erosion Potential

During model development it became evident thatahd use category classified as
vegetated-unimpacted was too broad and did naatesignificant differences in the
erodibility of the soils. Further definition of ghcategory became necessary for
successful model calibration. Using the GIS covendgland-Erosion Potential for the
Lake Tahoe Basin developed by Simon et al. (2008)|and uses previously categorized
as Vegetated-Unimpacted were subdivided into fresien potential categories. A more
detailed description of the modeled land usesdkided in the following section.

Land Use Categorization/Reclassification

It was neither practical nor possible to gatherugohydrology and pollutant loading
information to represent each of the 140 land lsestfications for 60,000 individual
parcel polygons. Furthermore, certain potentidiudisance areas could not be directly
mapped from the parcel boundaries alone. The D-Taztarmined the land use
categories based on collective agreement fromdhiews agencies involved as to areas
with relatively similar response from a water gtyathodeling perspective and areas for
which local or national pollutant runoff referenoérmation could support model
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representation. The 140 original land use typesated by the parcel boundary codes
were reclassified into the following six generaldause categories:

» Single-family residential (SFR)

e Multi-family residential (MFR)

» Commercial/lnstitutional/Communications/UtilitieSICU)
* Transportation

* Vegetated

» Water body

The D-Team recognized that vegetated (non-urbajheeés deserved special attention
because they constitute over 80 percent of thenlzaea. Furthermore, the general
vegetated lands category included a number ofréiftdand uses (e.g., ski resorts and
other recreational areas), management activitigs, (@arvesting to control overgrowth
and fire hazard), and/or natural conditions (agturally burned forests) that have
differing hydrologic and sediment and nutrient lmadcharacteristics. As a result, six
subcategories of vegetated land use were initig@fined as follows:

1. Unimpacted Forested areas that have been minimally affdotéite recent past
2. Turf: Land use types with large turf areas and littipervious coverage, such as
golf courses, large playing fields, and cemeteraty potentially similar land

management activities

3. Recreational Lands that are primarily vegetated and are dtaraed by
relatively low-intensity uses and small amountgwbervious coverage; these
include the unpaved portions of campgrounds, visiémters, and day use areas

4. Ski Areas Lands within otherwise vegetated areas for wismmme trees have
been cleared to create a run

5. Burned Areas that have been subject to controlled banma#or wildfires in the
recent past

6. Harvested Lands that management agencies have thinnégtiretent past for
the purpose of forest health and defensible spaeag cleared to reduce the
spread of wildfire)

Once the D-Team had agreed on the classificatteas) members identified and
categorized each parcel on the basis of their aggractivities and knowledge of the
Lake Tahoe Basin. Selected refinements to the pboecandary layer were performed to
include known areas of disturbance in the basihthd not been identified in the
available GIS layers. These areas were groundedusind hand-delineated by GIS
technicians from the Forest Service, CTC, and NDHEfPough this process, the D-Team
identified a complication: the parcel boundary lagien represented ownership
jurisdiction better than the actual land use od¢ogrwithin the selected properties.
Therefore, some modifications were required todiate legal or jurisdictional
boundaries into actual land uses. Ski areas, canapds, parking areas, and primary and
secondary roads were all modified.

Because the impact from ski areas stems from gtartdance (clearing) of steep slopes, a
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new GIS category and layer for Ski Runs was dewesland used as a refinement for the
ski area boundaries previously identified. Lanchiitski area boundaries that was
otherwise fully vegetated and relatively unimpacted added to the Vegetated
Unimpacted land use category, which was collecgtivetined into five erosion potential
categories as described in a following sectionuFe@-15 shows an example of the
resulting refinements to the previously defined &tated Ski Areas category.
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Figure 3-15. Example of parcel refinements in a pdion of the Heavenly Ski Area.

Campgrounds were hand-delineated based on Foresté&guidance that camping
activity typically occurs within 80 feet of roadsside camping areas such as California
and Nevada state parks and Forest Service camptgoMembers of the D-Team
obtained supplemental site-specific informatiomfroampground brochures and visual
confirmation through visits to selected locatiohise refined campgrounds were added to
the Vegetated-Recreational subcategory. Figure Btisfrates an example of this
refinement for campgrounds near Emerald Bay orsthehwestern shore of Lake Tahoe.
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Figure 3-16. Example of parcel refinement in a canground parcel boundary near
Emerald Bay on the southwestern shore of Lake Tahoe

Parking areas in high-traffic recreational facdgj beach areas, and ski resorts were
hand-delineated and classified as Commercial dgitutisnal because of the intensity of
usage. Figure 3-15, which shows the Heavenly SkaAlllustrates the result of this type
of refinement.

Primary and secondary roads contained in the TR&&egbcoverage delineate the
jurisdictional right-of-way, a much wider area thtéiat occupied by the paved road
surface. These categories were more accuratelggepted using the IKONOS HIC
layer, by means of a GIS layering and intersegbiragess (which is described in more
detail in the following section, GIS Layering Presg Figure 3-17 illustrates this
refinement at the US Route 50 and Route 28 inteésesouth of Spooner Lake in
Nevada.
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Figure 3-17. Example of parcel refinement for highway right-of-way ownership
(image on left) to actual highway widths based ondrd-cover impervious overlay
(image on right).

Supporting GIS layers included Forest Service r@amkstrails, recreational areas (ski
runs and campgrounds), water bodies, and boundargdates for forest fires/prescribed
burns and harvesting activities. These latter twlacategories were not explicitly
represented in the composite layer because thegsemt episodic impacts. Harvested
forest and burned areas were accounted for baskxtaton and calibration time. The
GIS Layering Process section below describes heviHllC coverage and fire and timber
harvest maps were included in the composite laeccaserage for the Lake Tahoe
Basin.

GIS Layering Process

To produce the land use grid that forms the franrkviar the LSPC watershed model, a
layering and intersecting process for the variamslluse GIS data sources in the Tahoe
Basin was performed. The objective of this effosiswwo develop one composite grid
layer that maximized the overall accuracy in repnéisig land use areas in the Lake
Tahoe Basin. Table 3-5 shows the final modelingl lase categories derived from the
composite land use layer.
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Table 3-5. Modeling land use categories derived fro the composite land use layer

Land Use Description Pervious/Impervious Subcategory Name Number
Water body Impervious Water_Body 1
Single-family residential Perviqus Resi_denti_aI_SFP 2
Impervious Residential_SFI 3
: . . . Pervious Residential_MFP 4

Multi-family residential , , —=

Impervious Residential_MFI 5
Commercial/institutional/ Pervious CICU-Pervious 6
communications/utilities Impervious CICU-Impervious 7
Impervious Roads_Primary 8
Transportation Impervious Roads_Secondary 9
Impervious Roads_Unpaved 10
Pervious Ski_Areas-Pervious 11
Pervious Veg_Unimpacted® 12
Vegetated Pervious Veg_Recreational 13
Pervious Veg_Burned 14
Pervious Veg_Harvest 15
Pervious Veg_Turf 16

*This subcategory was further refined into five new subcategories based on erosion potential.

GIS layering was performed after all required ccticers and refinements to individual
parcels had been performed for the entire BasiforBepplication of the HIC land use
and forest and timber harvesting regions in the I&y8ring process, only the categories
listed as Pervious in Table 3-5 (excluding Harvested Burned Vegetated lands) were
included in the land use GIS coverage. The incatpam of the separate HIC layer and
forest and timber harvest GIS coverages, as weal@son potential for vegetated areas,
is explained below.

Incorporating the HIC Layer

Based on visual and tabular/quantitative compassiriransportation areas as
represented in the TRPA land use layer, it wasraated that the HIC layer represented
road surfaces better than buffering existing ro&ttheg with average width information.
Therefore, the HIC layer was combined with the TR&#d use layer as described
below.

First, all existing fields associated with trangption in the TRPA layer were essentially
turned off (temporarily) by converting them to Végfed-Unimpacted. The entire TRPA
land use layer was then converted into a 1-metdrsgrthat it would be compatible with
the HIC grid resolution. Doing so made it possioléntersect these two grids, resulting
in a unique determination of pervious and impersigtid cells for each land use type.
Impervious road surfaces became a fictitious Vegdtampervious surface, which could
at that point be reclassified as roads.

The transportation category was further subdividéa Primary Roads, Secondary
Roads, and Unpaved Roads. The first two subcategare paved surfaces and are
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represented in the HIC grid. Before merging the gid to the parcel boundary grid, it
was necessary to distinguish Primary Road gricgs¢edim other impervious grid cells.
To achieve this, a separate highway roads line-¢hlarer was first uniformly buffered
to a width wide enough to span the width of any Highway segment (60 feet) and
converted into a grid. The new highway grid wasisécted with the HIC grid to create
Primary Roads HIC grids and Other HIC grids.

After isolating Primary Roads HIC grid cells fromth@r HIC grids, the HIC grid was
intersected with the parcel boundary grid. Thiscpss was done to distinguish pervious
and impervious SFR, MFR, and CICU land use typesuRing by-products of this
merge were a few Vegetated-Impervious cells. Bex#es right-of-way-influenced
transportation categories in the TRPA land userlayge converted to Vegetated before
the merge, and because the Primary Roads wer@aldestinguished within the HIC

grid, the process of elimination meant that theltesy Vegetated-Impervious land areas
would largely represent the remaining SecondarydBoa few small structures and
objects on vegetated land were also discerniblMgekier, because there were very few of
these occurrences, they were still included inSeeondary Roads category.

The final layer incorporated into the compositedlaise was Unpaved Roads. Because
none of the previously added layers had includgshued road surfaces (the HIC layer
considered only hard-impervious areas like paveraedtstructures), this merge was the
most straightforward. The Unpaved Roads layer weated by buffering the unpaved
Forest Service and California and Nevada state quadts by each segment’s specified
width from metadata, and merging in recreatioraldrithat were buffered to a 2-foot
width (based on basin-wide average trail width)e Daffered Unpaved Roads layer was
converted to a grid and intersected with the HI@ parcel boundary composite. All the
cells intersected by the unpaved roads layer wieeetty converted to represent Unpaved
Roads.

Incorporating Forest Fire and Harvest Areas

The remaining vegetated disturbance categoriesitbig not explicitly represented in the
TRPA land use coverage included burned and hanesigetated land and vegetated
urban lots. The Forest Service and CTC compiled langgrs for fire and timber harvest
regions for different events over time. These nageis also represented the degree of
burning and harvesting in each affected area. & burned or harvested zone, an
Equivalent Roaded Area (ERA) was computed. The EEphesented the percentage of
land in a particular area that was affected by &letivity. For example, a harvest ERA of
0.1 indicated that 10 percent of the area withenaksociated boundary was disturbed due
to timber harvesting. Figure 3-18 shows the Gonéalke, which was a significant forest
fire that occurred in 2002 near Heavenly Ski Restubwatershed boundaries are also
shown to depict how ERAs were computed at the stdralaed level.
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(The right panel shows how the affected areas arggregated by subwatershed.)

Incorporating Erosion Potential for Vegetated Areas

The land use category classified as Vegetated-Usttepd was too broad to reflect
significant differences in the erodibility of theils. Therefore, further definition of this
category was necessary. The GIS coverage of Uptaosion Potential for the Lake
Tahoe Basin developed by Simon et. al (2003) (B@4L9) was used to subdivide the
land uses previously categorized as Vegetated-Uaieg into five erosion potential
categories. The scale, which goes from a low af 4 high of 5, refers to the erosion
potential ability of the soil: the higher the valtlee higher the erosion potential.

The map of upland-erosion potential for the LakbdeaBasin was developed using an
upland-erosion-potential index based on the folimyparameters:

* Soil erodibility factor (K factor)

* Landuse

* Paved and unpaved roads, trails and streams
» Surficial geology

* Slope steepness

Each land segment was assigned a representative fealeach of the previously listed
parameters. Finally, the values of each of the $elected parameters were added and
reclassified at a scale of 1 to 5.
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Figure 3-19. Map of upland erosion potential for tle Lake Tahoe Basin.

The map of upland erosion potential was used tdiside the broad vegetated-
unimpacted category into five vegetated land usegoaies: Veg_EP1, Veg EP2,
Veg EP3, Veg EP4, and Veg_EP5. Table 3-6 showsetudting breakdown of
coverage in the Tahoe Basin for the 5 categories.

36



Table 3-6. Percent coverage for each of the five Yetated-Unimpacted categories
(based on erosion potential)

Vegetated Land Use Percent Cover
Veg EP1 5.72%
Veg EP2 46.28%
Veg EP3 26.14%
Veg EP4 8.88%
Veg EP5 0.22%
Total 87.02%

Finally, Table 3-7 shows the final land use disttibn for the Lake Tahoe Basin in
descending order of percent area.

Table 3-7. Final land use distribution for the LakeTahoe Basin

Percentage of Percentage of

e B Watershec? Area e B Watershec? Area
Veg EP2 46.28% Veg_Turf 0.55%
Veg EP3 26.14% Ski_Runs 0.54%
Veg EP4 8.88% CICU-Impervious 0.48%
Veg EP1 5.72% Residential MFI 0.38%
Residential SFP 4.00% Roads_Primary 0.28%
Water Body 1.70% Veg EP5 0.22%
Roads Secondary 1.34% Veg_ Burned 0.20%
Residential MFP 1.00% Veg_Harvest 0.20%
Residential SFI 0.89% Veg_Recreational 0.17%
CICU-Pervious 0.86% Roads Unpaved 0.15%

Once the erosion potential was incorporated intddhd use coverage, the composite
land use coverage was complete and ready to beiusieel LSPC model (Figure 3-13).

3.5. Solls

Soils data and GIS coverages from the 2004 NRCESBovey were originally used to
characterize soils in the Lake Tahoe Basin. Gersaitd data and map unit delineations
for the United States are provided as part of tlhageSSoil Geographic (STATSGO)
database. As of January 2007, a more detailed NRflSurvey Geographic (SSURGO)
database has been completed. The following dismubss been revised based on the
updated SSURGO database, which will be considenedrfy potential future model
updates. A map unit is composed of several sagséaving similar properties.
Identification fields in the GIS coverages canibkedd to the database that provides
information on chemical and physical soil charast®s. Figure 3-20 shows the general
map units in the Lake Tahoe Basin, and the follgwparagraphs summarize relevant
soils data.
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Figure 3-20. SSURGO map units and corresponding dalescriptions.

Permeabilityis defined as the rate at which water moves thraaegh It is measured in
centimeters per second and varies with soil texsiracture, and pore sizes. Soil uses,
such as agriculture, septic systems, and constryatan be limited when permeability is
too slow. Clays are usually the least permeabls sod sands and gravels the most
permeable. NRCS has provided the minimum and maximauinges for permeability in
the Lake Tahoe Basin in the SSURGO database. Equutpose of this analysis,
permeabilities are shown as average values fagrtiee soil layer of each SSURGO map
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unit present in the Lake Tahoe Basin. Figure 3f#is that permeability in the Lake
Tahoe Basin ranges from a moderate 0.42 cm/s éoyarapid 44 cm/s. The soils with the
lowest permeabilities are in the northwest quadohtie basin.

A commonly used soil attribute is the K-factor, alnis a component of the Universal
Soil Loss Equation, or USLE (Wischmeier and SmBi8). The K-factor is a
dimensionless measure of a soil's natural susaéptito erosion, and factor values may
range from 0 to 1.00. In practice, maximum factaiues generally do not exceed 0.67.
Large K-factor values reflect greater inherent soadibility. The distribution of K-factor
values of the surface soil layers in the Lake TaBasin is shown in Figure 3-22. K-
factors and permeability were both included indagbase. The figure indicates that, on
average, the soils in the basin have K-factorsirgngom 0.05 to 0.49, suggesting a
wide range of soil erosion potential. The figurecashows several areas lacking K-factor
values; these are areas of rock outcrops or waties. A number of other factors,
including rainfall and runoff, land slope, vegeataticover, and land management
practices, influence actual erosion.
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Figure 3-21. Average permeability of Lake Tahoe Bas soils.
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Figure 3-22. USLE K erosion factor for surface sod.

41



4. MODEL CALIBRATION AND VALIDATION

Calibration of the LSPC watershed model for thed_@khoe Basin followed a
sequential, hierarchical process that began withdiggy, followed by calibration of
water quality. Because inaccuracies in the hydpkimulation propagate forward into
the water quality simulation, the accuracy of tdrblogic simulation has a significant
effect on the accuracy of the water quality simalatThe model was calibrated using
both historical stream monitoring data and localbgerved stormwater runoff monitoring
data.

Ten United States Geological Survey (USGS) strdam dages and 11 LTIMP water
guality gages around the perimeter of Lake Tahae wsed for model calibration.
Figure 4-1 shows the location of the monitoringistes. Calibration graphs for Ward
Creek are included in this section for illustratperposes. The remaining calibration
graphs and tables are in Appendices A and B.
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Figure 4-1. Hydrology and water quality calibration locations.

4.1. Hydrology Calibration

Calibration refers to the adjustment or fine-tunagnodeling parameters to reproduce

observations based on field monitoring data. Tagdien describes the modeling and

calibration of the snow and hydrology componentthefwatershed model. Simulation of

hydrologic processes, including snow, is an intigaat of developing an effective
watershed model for Lake Tahoe. The goal of th@lion was to obtain physically
realistic model predictions by selecting paramegdues that reflect the unique
characteristics of the watersheds around the Bjatial and temporal aspects were
evaluated through the calibration process.
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Hydrologic calibration was performed after configigrthe LSPC model. For LSPC,
calibration is an iterative procedure of parameteluation and refinement as a result of
comparing simulated and observed values of inteltastrequired for parameters that
cannot be deterministically and uniquely evaludtech topographic, climatic, physical,
and chemical characteristics of the watershed antpounds of interest. Hydrology
calibration was based on several years of simuldbaevaluate parameters under a
variety of climatic conditions. The calibration pealure resulted in parameter values that
produce the best overall agreement between sinautaité observed stream flow values
throughout the calibration period. Calibration u#d a time series comparison of daily,
monthly, seasonal, and annual values, and indiVstoam events. Composite
comparisons (e.g., average monthly stream flowesaver the period of record) were
also made. All of these comparisons must be evaeduatr a proper calibration of
hydrologic parameters.

The LSPC hydrology algorithm follows a strict conggion of mass, with various
compartments available to represent different aspidhe hydrologic cycle. Sources of
water are direct rainfall or snowmelt. Potentiaksi from a land segment are total
evapotranspiration, flow to deep groundwater agsijfand outflow to a reach. From the
reach perspective, sources include land outflowdffuand base flow), direct
precipitation, and flow routed from upstream reacl8nks include surface evaporation,
mechanical withdrawals, and reach outflow.

Snow Hydrology Simulation

Snowfall and snowmelt have a dominant impact ondlpgy, water quality, and
management practice requirements in the Lake TBas&. Therefore, calibrating snow
hydrology was critical to the accuracy of the oUdmgdrology calibration for the basin.

The method used to simulate snow

behavior was the energy balance approach. Atmospheric
The LSPC SNOW module uses the Copiens
meteorological forcing information to Evaporation "

determine whether precipitation falls as Pack "~ Rain

rain or snow, how long the snowpack J

remains, and when snowpack melting
occurs. Heat is transferred into or out of
the snowpack through net radiation heat,
convection of sensible heat from the air,
latent heat transfer by moist air
condensation on the snowpack, rain, and
conduction from the ground beneath the Figure 4-2. Snow simulation schematic.
snowpack. Figure 4-2 is a schematic of the

snow process. The snowpack essentially

Ground

Total Snow Pack
C
)
c
=
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acts like a reservoir that has specific thermodynanies for how water is released.
Melting occurs when the liquid portion of the sn@ek exceeds the snowpack’s holding
capacity; melted snow is added to the hydrologaecy

Daily average snow water equivalent (SWE) dath@SNOTEL sites were directly
compared with modeled SWE output. Emphasis wasgiwveverall volumes and the
shape of the SWE curve. Figure 4-3 shows an exaaiptedeled versus observed daily
average temperatures and SWE depths at Ward Creelupper graph shows
temperature (right axis), volume (left axis), amdgpitation type. When the temperature
falls below the solid brown line, precipitation loates snowfall; rainfall volumes are the
dark blue bars, and snowfall volumes are the ljhe bars. The lower graph, which
shows modeled SWE in gray and observed SWE adblise demonstrates consistently
good agreement year after year through eight arsnaatfall/snowmelt cycles.
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Figure 4-3. Modeled vs. observed daily average terapatures and snow water
equivalent depths at Ward Creek SNOTEL site (Octobel1996—-December 2004).

During model testing and calibration, it becamedeni that the most important factor
influencing the model snow predictions was not pegtrization but the quality of the
input temperature time series. The SNOTEL quabtguaance process for temperature,
together with the lapse rate correction, noticeabtiuced overall model error. The
calculation of the lapse rate (the rate at whichgerature decreases with increasing
elevation) in the Lake Tahoe Basin was criticahi® accuracy of the watershed model
because it influences snowfall prediction, whiamgicantly affects the hydrology of the
basin. The lapse rate was particularly importarthenLake Tahoe Basin because of the
rapid elevation changes throughout the basin. 8egdd 3.3 for more detail on the
guality assurance process for temperature andla#itou of the lapse rate for the Lake
Tahoe Basin. Of the 14 available snow parametettseih. SPC model, 4 required
adjustment from default values. Table 4-1 summarike snow parameters and adjusted
ranges from around the basin.
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Table 4-1. Summary of snow module calibration paramters (adjusted parameters
are highlighted)

Parameter Description Status Default Calibrated
ICEFG Ice simulation switch, 1 = on or 0 = off Turned on 1 1
FOREST Forested land for winter transpiration (fraction) B):JLaend N/A 0.2-0.75
LAT Latitude of land segment (degrees) From GIS N/A By location
MELEV Mean elevation of land segment (ft) From GIS N/A By location
ELDAT® (I?gference between MELEV and gage elevation From GIS N/A By location
a i . By land
SHADE Land shaded from solar radiation (fraction) Use N/A 0.2-0.75
SNOWCF? | Precipitation-snow catch efficiency (multiplier) By location 1.1-1.5 0.55-1.5
COVIND \(/i\:slter equivalent for complete land coverage Constant 1.0-3.0 05-10
RDCSN Density of new snow relative to water (in/in) Constant 0.1-0.2 0.2
TSNOW?® | Air temperature for snowfall (degrees F) By location 31-33 34
SNOEVP Snowpack sublimation coefficient (unitless) Constant 0.1-0.15 0.15
CCFACT? | Condensation/convection coefficient (unitless) By location 1.0-2.0 0.2-0.35
MWATER | Maximum water content of snow (in/in) Constant 0.01-0.05 0.03
MGMELT | Maximum ground snowmelt rate (in/day) Constant 0.01-0.03 0.01

% Most sensitive parameters for snow calibration in Lake Tahoe Basin.

Hydrology Simulation

LSPC hydrology algorithms follow a strict consergatof mass. The sources of water to
the land surface are direct precipitation and snelurome of this water is intercepted
by vegetation, man-made structures, or other mdresinterception is represented in
the model as a land use-specific reservoir that imiéilled before any excess water is
allowed to overflow to the land surface. The watethe reservoir is also subject to
evaporation. The size (in inches per unit of acfdhis reservoir can be varied monthly
to represent the level of each compartment (abodebalow the land surface).

Water that is not intercepted is placed in surfd&tention storage. If the land segment is
impervious, no subsurface processes are modelddharonly pathway to the stream
reach is through direct surface runoff. If the laegment is pervious, the water in the
surface detention storage can infiltrate, be categd as potential direct runoff, or be
divided between runoff and infiltration. This d&oin is made during simulation as a
function of soil moisture and infiltration rate. & water that is categorized as potential
direct runoff is partitioned into surface storagetff or interflow, or kept in the upper-
zone storage. The amount of surface runoff thatdlout of the land segment depends on
the land slope and roughness and on the distahes o travel to a stream. Interflow

outflow recedes based on a user-defined parameter.

Water that does not become runoff or interflowsonot lost to evaporation from the
upper-zone storage infiltrates. This water becopagsof the lower-zone storage or
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active groundwater storage, or it is lost to thepdmactive groundwater. The lower-zone
storage acts like a reservoir of the subsurfaces fEservoir needs to be full for water to
reach the groundwater storage. Groundwater iscstond released based on the specified
groundwater recession, which can be made to vamjnearly.

The model attempts to meet the evapotranspiragomathd by evaporation of water from
base flow (groundwater seepage into the streamneamnterception storage, upper-
zone storage, active groundwater, and lower-zarage. How much of the
evapotranspiration demand may be met from the laeae storage is determined by a
monthly variable parameter. Finally, water can &x& system in three ways—through
evapotranspiration, through loss to deep/inactreeigdwater, or by entering the stream
channel. The water that enters the stream chaanat@me from direct overland runoft,
interflow outflow, and groundwater outflow.

Some of the hydrologic parameters can be estinfetadmeasured properties of the
watersheds, whereas others must be estimated ibyati@in. Model parameters adjusted
during calibration are associated with evapotraasipn, infiltration, upper- and lower-
zone storages, recession rates of base flow aedlow, and losses to the deep
groundwater system.

During hydrology calibration, land segment hydrglggrameters were adjusted to
achieve agreement between daily average simulatkdlzserved USGS stream flow at
selected locations throughout the basin, as prelyahown in Figure 4-1. The average
of the 24 hourly model predictions per day was carag with daily mean flow values
measured at USGS stream flow gages throughouta$ia.blhe 4-year calibration period
was from October 1, 1996, to September 30, 200.0Agh the model was run from
January 1996 through December 2004, the first Sthsowere disregarded to allow for
model predictions to stabilize from the effectesfimated initial conditions.

During calibration, agreement between observedsandlated stream flow data was
evaluated on an annual, seasonal, and daily bsisig quantitative and qualitative
measures. Specifically, annual water balance, ghaater volumes and recession rates,
and surface runoff and interflow volumes and timiveye evaluated. The hydrologic
model was calibrated by first adjusting model pagtars until the simulated and
observed annual and seasonal water budgets maidhea the intensity and arrival time
of individual events were calibrated. This iteratpprocess was repeated until the
simulated results closely represented the systelmeproduced observed flow patterns
and magnitudes. The model calibration was perforos#ag the guidance of error
statistics criteria specified in HSPEXP (Lumb etl®194). Output comparisons included
mean runoff volume for simulation period, monthiyoff volumes, daily flow time
series, and flow frequency curves.

The insights gained from calibration are that abupercent of the total annual water
budget arrives during spring snowmelt and that lilase(or flow from groundwater that
has infiltrated into the subsurface regime) accefmt more than 90 percent of the
annual in-stream water budget. Most of this groustewis from snowmelt, which has
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the ability to infiltrate rather than immediatelyter the stream channel as surface runoff
because the snowmelt process occurs relativelylgldie timing of the hydrograph was
directly related to the modeling of the snow comgran|t became clear that the level of
detail achieved in the snow calibration was absbjutecessary for a good calibration of
stream flows.

Groundwater recession rates had spatial and sdasoiability. The rates were found to
be nonlinear, with a steep curve during the spitirad tapered off during summer and

fall. The use of a model parameter that allowsfamlinear recession rates was necessary
to represent this variability in the recessionsate

Figure 4-4 shows example results over the modéredion period at Ward Creek, with
emphasis on water year 1997. Hydrology calibratesults for all other stations in the
basin are presented in Appendix A. Figure 4-4 alsaws that the model is robust enough
to predict an extreme 100-year rain-on-snow evémtifary 1, 1997) while also capturing
low-flow variability, as seen by exaggerating ldevis using a log scale. Validation was
performed for a longer time period (October 1, 13B6bugh December 31, 2004).

Figure 4-5 shows model results for the full validatperiod at Ward Creek. Results are
month-aggregated to evaluate the model’s abilityepyoduce consistent seasonal trends.
Model performance statistics are shown in Table 4-2

Total Daily Rainfall (in) —— Awg Observed Flow (10/1/1996 to 9/30/2000 ) —— Awg Modeled Flow (Same Period)
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Figure 4-4. Hydrology calibration for Ward Creek with emphasis on water year
1997.
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Figure 4-5. Hydrology validation for Ward Creek with seasonal mean, median, and
variation.
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Table 4-2. Hydrology validation summary statisticfor Ward Creek

LSPC simulated flow Observed flow gage
USGS 10336676 WARD C AT HWY 89 NR TAHOE
REACH OUTFLOW FROM SUBBASIN 8060 PINES CA
8.25-year analysis period: 10/1/1996 - 12/31/2004 Hydrologic Unit Code: 16050101
Flow volumes are (inches/year) for upstream drainage area | Latitude, Longitude: 39.1321292, -120.1576913
Drainage area (sg-mi): 9.7
Total simulated in-stream flow: 99.19 Total observed in-stream flow: 100.00
Total of simulated highest 10% flows: 58.50 Total of observed highest 10% flows: 53.93
Total of simulated lowest 50% flows: 4.54 Total of observed lowest 50% flows: 4.21
9):Simu|ated summer flow volume (months 7- 8.49 Observed summer flow volume (7-9): 6.02
Simulated fall flow volume (months 10-12): 5.70 Observed fall flow volume (10-12): 5.59
Simulated winter flow volume (months 1-3): 14.46 Observed winter flow volume (1-3): 18.24
Simulated spring flow volume (months 4-6): 70.54 Observed spring flow volume (4-6): 70.15
Total simulated storm volume: 7.03 Total observed storm volume: 8.29
Simulated summer storm volume (7-9): 0.54 Observed summer storm volume (7-9): 0.40
Errors (simulated-observed) % Errors Recommended criteria
Error in total volume: -0.81 10
Error in 50% lowest flows: -7.32 10
Error in 10% highest flows: 7.80 15
Seasonal volume error - Summer: 29.12 30
Seasonal volume error - Fall: 2.01 30
Seasonal volume error - Winter: -26.12 30
Seasonal volume error - Spring: 0.55 30
Error in storm volumes: 18.06 20
Error in summer storm volumes: 26.03 50

In general, the model produced excellent snow anlddhogy results when model inputs
were spatially derived from site-specific data arien weather data quality was
validated. Performance statistics show that theehaproduced observed trends very
well. Table 4-3 shows the validation summary stigsfor the other flow gages in the
Lake Tahoe Basin.

Table 4-3. Hydrology validation summary statisticfor USGS flow gages in the Lake Tahoe
Basin

% Error Flow % Flow %
USGS Location Area ; Error Error in
RS Station Description (mi2) '\r;omqa; in 50% 10%
Lowest Highest
South Lake
Upper Truckee 10336610 Tahoe, CA 54.9 41 -14.6 5.0
Hwy 50 above
Upper Truckee 103366092 Meyers, CA 34.3 9.1 -26.0 9.7
South Upper
Upper Truckee 10336580 Truckee Rd, 141 0.8 2.6 -13.0
Meyers, CA
Blackwood 10336660 | Noar Tanoe CY, 11.2 6.2 8.7 7.4
Ward Ck. 10336676 | HWy 89, Tahoe 9.7 0.8 7.4 7.8
Pines, CA
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% Error Flow % Flow %
USGS Location Area . Error Error in

TS Station Description (mi2) I\r/]olTlfr;a(J,\ in 50% 10%
Lowest Highest
General Ck. 10336645 (szar Meeks Bay, 7.4 4.3 7.3 1.0
Incline Ck. 10336700 m\e/ar Crystal Bay, 6.7 1.7 2.6 8.8
Edgewood 10336760 At Stateline, NV 5.6 2.1 0.7 21.8
Glenbrook 10336730 At Glenbrook, NV 4.1 7.8 -0.6 3.4
Logan House | 10336740 | %" Glenbrook, 2.1 10.7 30.1 6.1

As a final validation, the annual hydrologic budgstimates from stream flow into Lake
Tahoe were compared with previously published et Table 4-4 shows the results
of this comparison. The LSPC modeled flows falhtigetween the other estimates.

Table 4-4. Hydrologic budget estimates for Lake Tabe (stream flow component)

Reference Period Considered ES“&?T_ZQ n_r;;ﬁggt(r:?rn;g)low
McGauhey and others 1963 1901-1962 308,000
Crippen and Pavelka 1970 1901-1966 312,000
Dugan and McGauhey 1974 1960-1969 372,000
Myrup and others 1979 1967-1970 413,000
Marjanovic 1987 379,562
LSPC Watershed Model 2006 1990-2002 376,211

4.2. Water Quality Calibration

LSPC water quality is a function of the hydrolo@gdiment production is directly
related to the intensity of surface runoff. Seditngeld varies by land use and spatially
throughout the basin. In addition to meteorologg #re resulting hydrology, sediment
yield is influenced by factors like soil type, sané cover, and soil erodibility. Sediment
is delivered to the tributaries and to Lake Tallweugh surface runoff erosion and in-
stream bank erosion.

Nutrients are delivered to the tributaries withfaoe runoff and subsurface flow. They
can be observed in both organic and inorganic fpamd they can exist in both dissolved
and particulate forms. Some nutrient forms are atswciated with sediment runoff.
LSPC provides mechanisms for representing all esehvarious pathways of pollutant
delivery. A detailed water quality analysis wasfpaned using statistically based load
estimates with observed flow and in-stream momtpdata. The confidence in the
calibration process increases with the quantityqurality of the monitoring data. The
LTIMP stream database provides very good spat@itamporal coverage that focuses
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primarily on nutrients and sediment. This analys®vides the necessary information to
inform the model parameterization and calibration.

This section describes the statistical analysigjehparameterization, and model
calibration process. As with the hydrology calimat example plots are included for
Ward Creek. The remaining calibration graphs abtetaare included in Appendix A.

Estimating Sediment Loads with Log-Transform Regression

Because a primary objective of the Lake Tahoe whtgt model is to estimate pollutant
loads to be used as input to the DLM, accurateneséis of loads based on the LTIMP
monitoring data had to be developed to aid in thgewquality calibration process.

Suspended sediment loads are typically estimated linear regression of observed
sediment load versus stream flow datasets. Sirtimeat load and stream flow are
storm-driven, observed values often span sevedarsrof magnitude. Consequently, the
in-stream sediment load versus flow relationshifl$eto be linear in logarithmic space.
For practical application of the regression modstimated loads must be retransformed
from log space back to the original units. Thisaesformation process can be
statistically biased, and therefore bias correcivas needed. One of the methods that the
USGS recommended for bias correction is the MininManance Unbiased Estimator,

or MVUE (Cohn and Gilroy 1991). The objective oétmethod is to yield an unbiased
estimate with the smallest possible variance.

Many years of research have refined this statisteteansformation method and made it
practical for estimating loads for environmentagi@eering applications (Finney 1941,
Bradu and Mundlak 1970, Cohn et al. 1989). In adlito sediment, the MVUE
retransformation has also been applied in numestudies to other pollutants that exhibit
lognormal relationships, including total and dis®al nitrogen and phosphorus species
(MDNR and USGS 2001, Green and Haggard 2001).imhp®rtant to note that this
method is unbiased only if the regression erroesnarmally distributed in log space.

Figure 4-6 shows the distribution of sediment sawjgirranged by associated daily-
average-flow percentiles and by sampling montiNard Creek, a tributary to Lake
Tahoe. These samples were collected between Decd@b2 and September 2003. The
sampling distribution is directly related to thesebved flow magnitude in the stream,
meaning that the month with the highest observaddsl(May, when the spring snowmelt
peaks occur) also has the highest number of sampliested. Initial evaluation suggests
that the Ward Creek sampling distribution is waelted for sediment load versus flow
regression analysis.
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Figure 4-6. Sample flow distributions for sedimenbbservations at Ward Creek.

Figure 4-7 shows a lognormal regression relatignbbiween observed flow and
instantaneous sediment yield in the left panelsmavs sample error distribution
(difference betweelog regression estimated load dod instantaneous load) in the right
panel. For this example it is assumed that insteatas sediment yield is represented by
the product of sediment concentration and the geedaily flow for the sample date. The
best-fit regression model or sediment rating ctiovehis dataset ig = 1.604"*° where
xis flow in cubic meters per second and sediment load in metric tons per day. Figure
4-7 also illustrates that the log errors for thistribution are largely linear or, in other
words, that the regression relationship followsgnbrmal distribution. The regression
model used for prediction is more refined than t@piction because separate equations
were derived for surface runoff and base-flow-asged loads.
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Figure 4-7. Flow-sediment yield regression relatioship and error distribution at
Ward Creek.

Once an acceptable sediment rating curve has matoged, daily observed flow data
are used to estimate a continuous time seriesdohsat yield for a desired period. The
rating curve relationship alone is not statisticalbnsistent and has been shown to
systematically underestimate sediment loads inexo€50 percent in some cases (Cohn
1995). The MVUE is computed daily and applied asudtiplier to the value predicted by
the regression model, as shown in equation 1 below:

LMVUE = LRC(t) X0 (1)
where
Lrcy = sediment load estimated from the rating curvedfyt and
Om = Finney (1941) and Bradu and Mundlak (1970Xfiom.

Thegmn function is a Bessel function with the variablégstimated variances. Equations
2 and 3 represent the initial value &gy

_ (-1

=23 (L-v)s 2)

O

: L )
3 (n@)-in@f | " QVAR

i=1

yol, h@-in@f |_1 +((In(Qt)—QBAFéz)

where
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n = number of observations used to develop thagaturve;

53 = mean square error for the regression;

Q = observed flow for daty

QBAR = average of alh observed flow values in logarithmic space; and

QVAR = sum ofn squares of logarithmic observed flow mirPBAR.

Thegn, function iterates through additional computaticleams until it converges to a
reasonably constant value. This function can bé&uated using FORTRAN code
developed by Cohn et al. (1989, USGS 2005). Becthugs®IVUE is computed daily, it
is especially helpful for cases where there iggelaariance in daily discharges, the
prediction interval changes greatly over the rapigde data, or many of the predictions
are made near the extremes of the relationship @J3@5). Table 4-3 is a summary of
sediment load estimates for the straight ratingewersus the rating curve plus MVUE
adjustment for the Ward Creek dataset.

Table 4-3. Summary of sediment load estimates at k& Creek using the Minimum
Value Unbiased Estimator

Computed Regression Load (tonnes) Percent Difference

Summary Period Rating Curve Using Daily MVUE Between Estimates
Values
Summer (months 7-9) 58 158 172.55%
Fall (months 10-12) 20 55 172.42%
Winter (months 1-3) 234 636 171.38%
Spring (months 4-6) 772 2,102 172.44%
Mean Annual Load 1,084 2,952 172.22%

Pollutant Export Analysis Using Regression and Hydrograph Separation

Hydrology is the driving force for the LSPC genesater quality module (GQUAL).
Because wastewater is exported out of the Lake & 8asin, nonpoint sources represent
the major source of pollutant loading to Lake Tabweams. Stream bank erosion has
also been shown to represent another source ahsatioading (and possibly,
associated nutrients) to Lake Tahoe streams; fal $ediment, stream bank erosion
might actually be higher than land loading in dar&treams (Simon et al. 2003). There
are no known point source pollutant dischargetsénbasin. The GQUAL module
requires that loading rates or concentrations leeipd for groundwater, interflow, and
surface runoff for each land use in each subwatelsh statistical data-mining exercise
was performed (1) to understand the seasonalityrands observed in both in-stream
and stormwater monitoring data, (2) to represetrient species distribution and loading
patterns in base flow versus storm flow samplestq @stimate organic and inorganic
nutrient quantities, (4) to characterize particedand sediment-associated nutrient mass,
and (5) to derive land-use-specific loading rateadply in the watershed model.

The primary source of in-stream monitoring is ahhigsolution historical water quality
dataset collected at numerous sites by the LTIMBGS, UCD, and NDEP. The
constituents that have been monitored include aman(®iH,), total Kjeldahl nitrogen
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(TKN), nitrate (NQ), soluble reactive phosphorus (SRP), total phoggh@'P), and

total suspended sediment (TSS). For the purpo#@sinvestigation, the data have been
aggregated into five categories: TSS, TN, TP, dvssbnitrogen (inorganic: NO+

NH,), and dissolved phosphorus (SRP). TN is the sulkKdf and NQ. Nitrite levels,
while measured, are so low that they are of no@gusnce to inorganic nitrogen loading
in the Lake Tahoe Basin. Table 4-4 is a summathe@LTIMP monitoring data available
from the Ward Creek monitoring station.

Table 4-4. Summary of monitoring data collected athe Ward Creek outlet

Monitoring NbEs 6 Average Sample

Water Quality Constituent Start Date End Date Samples (e\lztre;;ednac}ys) .
Total suspended sediment (mg/L) | 12/20/1972 | 9/19/2003 534 21
Total nitrogen (mg/L) 10/16/1983 | 9/19/2003 406 18
Total phosphorus (mg/L) 10/10/1988 | 9/19/2003 402 14
Dissolved® nitrogen (mg/L) 10/16/1983 | 9/19/2003 404 18
Dissolved® phosphorus (mg/L) 10/10/1988 | 9/19/2003 402 14

4As noted in Figure 4-6, sampling is clustered around the periods of high flow to better represent loading.
®Dissolved assumes inorganic nutrient portions (NOz + NHa4, SRP).

Estimating Seasonal Pollutant Loading Patterns in the Streams

Hydrograph separation used in conjunction with ti@gsform regression allows the
assessment of base flow (the portion of the stfd@amfrom groundwater) and surface
runoff volumes and associated nutrient yield. TI®3$ hydrograph separation
algorithms (HYSEP) were used to perform hydrogregbaration on the observed flow
time series (Sloto and Crouse 1996). Figure 4-8qms the results of the hydrograph
separation and shows that stream flow in the Lak®@& Basin tends to be groundwater-
dominated.
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Observed Hydrograph Components: = Average Surface Runoff (cubic-meters/day)
= Average Baseflow (cubic meters/day)

Observed Flow (cms)
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Figure 4-8. Hydrograph separation for Ward Creek (USGS 10336676) using
historical flow data collected between 10/1/1972 dr©/30/2003.

Because there are no direct point source contdbsatof nutrients to the streams, the
sediment and nutrient yields at the monitoringisteare assumed to have come from
upstream nonpoint sources. The following assumptwere applied for this analysis:

» Reasonable base flow and surface runoff volume$eabtained using the
HYSEP sliding-interval method.

* Because flow-versus-load regressions have erratsatle normally distributed in
log space, it is reasonable to use rating curvesmunction with MVUES to
develop base flow and surface runoff load relatigpsin linear space.

TN and TP represent all transportable nitrogen@rabphorus from upstream
sources.

» Base flow load is primarily groundwater-driven, atdrm flow load is primarily
surface-runoff-driven.

» Base-flow-associated samples are composed prin@rdissolved forms of
pollutants (DN and DP, inorganic nutrients).

TN and TP base flow samples represent total disslatutrients, which include
both organic and inorganic forms.

* TSS, which is primarily associated with surfaceaffjnincludes organic material
that contains nutrients.

» Base flow rating curves can be used in conjunatidih total flow rating curves to
back-calculate surface runoff nutrient yields.

» Surface runoff pollutant mass is primarily composégarticulate constituents.

» Particulate nutrient mass is primarily composedrganic material.

» Particulate-nutrient-mass—to—sediment-mass ragjoesent sediment-associated
nutrients.

For each LTIMP gage, a set of 10 regression raturges was developed using the
monitoring data. For each water quality constitubase flow (BF) and storm flow

57



(runoff [RO]) curves were derived using the sepaddtydrograph. Example equations
are presented in Table 4-5. For the developmetiteofating curves, each in-stream
sample had to be classified as a BF sample or asdRiple using the daily separated
hydrograph time series. It was reasonable to assai¢he BF classification could be
assigned to any sample for which the base-flow-etat-flow ratio was greater than 50
percent. Therefore, this sample classificationysisiwas performed for each threshold
value between 50 and 100 percent to see whichhbleksalue resulted in the best
correlation for both the BF and RO rating curveseif correlation value served as the
performance measure for goodness of fit.

Table 4-5. Base flow and storm flow sediment and miient rating curve summary

Constituent anc; Number of Base-flow Log of Slope R2
Sample Type Samples Threshold Intercept
Sedi BF 77 98% 6.326 1.354 0.863
ediment
RO 457 98% 7.473 1.769 0.811
Total BF 69 99% 2.165 1.149 0.915
nitrogen RO 337 99% 2.609 1.144 0.880
Total BF 90 96% 0.571 0.982 0.940
phosphorus | RO 312 96% 1.339 1.211 0.829
Dissolved BF 76 98% -0.213 1.066 0.907
nitrogen RO 328 98% 0.220 1.081 0.843
Dissolved BF 295 58% -0.659 0.856 0.925
phosphorus | RO 107 58% -0.098 0.870 0.900

®BF indicates base flow samples, and RO indicates storm flow samples (collected during runoff events).

The rating curves were used to develop loadingnedéis and summarized to produce
seasonal trends and loading distributions. Figet® # an example of the results. To
validate this methodology independently, dissolgaghnic nitrogen (DON) and
dissolved organic phosphorus (DOP) values were apatpagainst independently
computed fractions (Coats and Goldman 2001); theegavere found to be in
agreement.
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Figure 4-9. Seasonal nitrogen and phosphorus constent distribution for Ward
Creek water quality sampling data collected betweett972 and 2003, derived from
hydrograph separation and regression.

The insights gained from this statistical data-mgnexercise provide guidance for
selecting appropriate source loading parameterthédeterministic watershed
simulation model. Some interesting observationsmfreviewing the results are presented
below:

* About 70 percent of the total annual sedimentpgin, and phosphorus load is
delivered to the stream during the snowmelt mo(msil, May, and June).

* On average, 8.5 percent of TN and 12 percent ciréRnorganic.

» Ofthe 91.5 percent of TN are organic and 88 percEmP are either organic or
sediment associated, 62 percent and 30 percepeatagely, are dissolved.

» Although the months of August, September, and Gatygleld the lowest amount
of sediment and nutrients, the ratio of particutat&rient mass to total sediment
mass shows a distinct 2 to 4 times increase, stiggdbkat the organic matter (in
terms of percentage of total sediment) increasdaaglthose months.

» Comparison of total nitrogen distribution and loaglto an independent analysis
performed using the same dataset shows good agneemestimated loads for
Ward Creek (Coats and Goldman 2001, estimate dbbwg-N/ha/yr for Ward
Creek, compared to 1.6 kg-N/ha/yr for this analysis
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An estimate of TN and TP loads was developed foh ed the 10 calibration watersheds
using this method. Table 4-6 is a summary of tiselts.

Table 4-6. Annual estimates of total nitrogen and Iposphorus loads for calibration
streams developed using in-stream water quality dat

Watershed Total Nitrogen Total Phosphorus
(kglyear) (kglyear)
Third Creek 3,930 1,170
Incline Creek 2,190 553
Glenbrook Creek 638 137
Logan House Creek 241 21
Edgewood Creek 1,030 214
General Creek 3,160 398
Blackwood Creek 9,170 2,710
Ward Creek 5,660 1,760
Trout Creek 5,390 954
Upper Truckee River 25,300 4,160

Model Parameterization by Land Use

Following the data-mining analysis, monthly var@bhkse flow and surface
concentrations were directly computed using théuarloading components and their
associated flow volumes. Particulate nutrient nveas modeled as a sediment-associated
fraction using the derived nutrient-to-sediment snagios. Because water quality
parameters are specified at the land use levadoh subwatershed, supplemental
information was required to associate represemabmponents of the estimated bulk
load with each land use unit.

Recent research completed on nutrient and suspesedigtient concentrations in
stormwater runoff in the Lake Tahoe Basin to supfise TMDL effort was used to
estimate watershed-specific loading ratios for miper of land uses. In this research,
runoff mean concentrations were related to watersharacteristics and land use
through multiple linear regression analyses. It Wasd that particulate species of
nitrogen and phosphorus were the most abundante®of nutrients in stormwater and
that they were especially high in commercial lasdsu Population density and residential
yard maintenance play key roles in nutrient andnsedt concentrations for residential
land uses (Gunter 2005).

In addition, a review of the National Stormwateralty Database (Pitt et al. 2004) and
the Tahoe Research Group Stormwater Monitoring $2at@deyvaert 1988) provided
further guidance regarding the relative loadingsdor sediment and nutrients from
different land use categories. Table 4-7 summatizeselative concentrations for land
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use categories represented in the Lake Tahoe \wattrsodel. See Appendix B for a
description of how these concentrations were detestn

Table 4-7. Relative pollutant concentrations for mdeled land uses (Note: Appendix

B describes how these numbers were determined).

V! Total Dissolved Total Dissolved

erzizel el Cee Sussgltiagg gd Nitrogen * Nitrogen * | Phosphorus ?|Phosphorus *
Residential SFP"° 47 1.46 0.12 0.39 0.12
Residential MFP"* 125 2.37 0.35 0.49 0.12
CICU Pervious® 247 2.06 0.24 0.59 0.07
Ski Runs Pervious
- Heavenly 39 0.30 0.11 0.10 0.03
- Homewood 47 0.41 0.01 0.14 0.04
- Diamond Peak 5,238 2.17 1.97 1.47 0.05
Vegetated Unimpacted 0.7 0.14 0.01 0.03 0.02
Vegetated Recreational 383 0.86 0.01 0.52 0.17
Vegetated Burned®
- Wildfire®
- Prescribed Burns® Equivalent Roaded Area (ERA) Methodology®
Vegetated Harvest®
Vegetated Turf 10 4.06 0.41 1.25 0.22
Residential SFI”° 47 1.46 0.12 0.39 0.12
Residential MFI°* 125 2.37 0.35 0.49 0.12
CICU Imperviousd 247 2.06 0.25 0.59 0.07
Roads Primary 793 3.27 0.60 1.65 0.08
Roads Secondary 793 3.27 0.60 1.65 0.08
Roads Unpaved 846 1.95 0.01 1.27 0.40

Values are in milligrams of N or P per liter.

b - . .
P = pervious; | = impervious.

°SF = single-family, MF = multi-family.
CICU = Commercial/Institutional/Communications/Utilities.
Concentrations equal to unpaved roads, but areas will be adjusted based on ERA values.

In addition to the EMCs, the fraction of the TS®wised of fine sediment (< 63 um)
was estimated for each urban land use categorg asiailable stormwater sampling
information (Hayvaert, et. al 2007). The same arbadiment distrution was applied to
all landuses of the same type in all subwatershé&tie. remaining non-urban land uses
were assigned a uniform distribution of fine sediti@ased on in-stream sediment
distributions that varied by subwatershed. Tab8shows the fine sediment
distributions by land use and subwatershed.
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Table 4-8. Percent fines by land use and subwaterst as applied in the watershed model

Landuse Type

Landuse Name or
Subwatershed

Runoff Fines Distribution

(< 63 um) (20 - 63 um) (<20 um)
Urban Residential_SF 76.3% 40.6% 35.7%
Urban Residential_ MF 88.4% 30.7% 57.7%
Urban cicu 85.4% 22.3% 63.1%
Urban Roads_Primary 85.4% 22.3% 63.1%
Urban Roads_Secondary 85.4% 22.3% 63.1%
Non-Urban Third Creek 31.0% 21.5% 9.5%
Non-Urban Incline Creek 67.0% 46.6% 20.4%
Non-Urban Glenbrook Creek 80.0% 55.4% 24.6%
Non-Urban Logan House Creek 75.0% 51.6% 23.4%
Non-Urban Edgewood Creek 59.0% 41.2% 17.8%
Non-Urban General Creek 29.0% 20.3% 8.7%
Non-Urban Blackwood Creek 45.0% 31.4% 13.6%
Non-Urban Ward Creek 47.0% 32.3% 14.7%
Non-Urban Trout Creek 38.0% 26.3% 11.7%
Non-Urban Upper Truckee River 44.0% 30.6% 13.4%

Once the water quality parameters were initiallytgein the model, the model was run
and the results of the annual average loads blgrasibn watershed were compared with
the annual loads obtained using the available ddter this initial comparison was
made, two things were noted. First, the modeleel $imdiment loads were too low for
those areas with a large percent of volcanic soitssecond, fine sediment loads were
too high for those areas dominated by graniticsséilregression was developed that
correlates the required multiplying factor for gervious land uses and the percent
volcanic soils in the watershed. This regressigrésented in Figure 4-10. Each point in
the graph represents a calibration watershednlbeaobserved that the higher the
fraction of volcanic soils in the watershed, thghar the multiple required for the TSS

EMCs.
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Figure 4-10. EMC multiplying factor for pervious land uses relative to percent volcanic

After the soil variability was taken into accouttite model was run again, and a second
observation was made. This observation was retatéte differences in the fine-load
estimates by quadrant of the watershed. The modsiisate was low for the northern
and western quadrants and high for the southerreastgrn ones. This error was
minimized by applying the following scaling factdcsthe EMCs for all land uses (Table
4-9). Similar Scaling factors were also derivedttal nitrogen and total phosphorus
following the quadrant method.

Table 4-9. Multiple for TSS EMCs by quadrant

QUAD ID QUAD Name Ratio
1 North 1.59
2 East 0.11
3 South 0.74
4 West 1.45

A summary of the results of the water quality calthon is shown in Tables 4-10, 4-11
and 4-12.
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Table 4-10. Results of water quality calibration fo upland fine sediment

Overland Baseflow Modelgd: Targejc: Fines Ratio
Name Flow 3 Upland Fines | Upland Fines (target /
(m3/year) (T iR, (tonnes/year) | (tonnes/year) modeled)
Third Creek 1,070,000 5,600,000 190 229 1.21
Incline Creek 1,270,000 6,380,000 357 318 0.89
Glenbrook Creek 587,000 3,220,000 25 17 0.71
Logan House Creek 258,000 1,210,000 4 7 2.02
Edgewood Creek 1,430,000 2,630,000 21 24 1.16
General Creek 3,390,000 11,700,000 60 62 1.04
Blackwood Creek 3,730,000 25,700,000 837 1,150 1.38
Ward Creek 4,980,000 18,900,000 1,430 1,110 0.78
Trout Creek 3,980,000 | 28,400,000 205 189 0.92
Upper Truckee River 22,900,000 78,800,000 1,010 1,030 1.02
TOTAL 43,600,000 | 183,000,000 4,140 4,140 1.00
Table 4-11. Results of water quality calibration fo total nitrogen
Overland AR UCTefiE Ratio TN
Name Flow Bageflow .Total _Total (target /
(m3/yea 0 (m*/year) Nitrogen Nitrogen modeled)
(kglyear) (kglyear)
Third Creek 1,070,000 5,600,000 2,820 3,930 1.39
Incline Creek 1,270,000 6,380,000 3,300 2,190 0.66
Glenbrook Creek 587,000 3,220,000 383 638 1.67
Logan House Creek 258,000 1,210,000 157 241 1.53
Edgewood Creek 1,430,000 2,630,000 1,370 1,030 0.75
General Creek 3,390,000 11,700,000 3,150 3,160 1.01
Blackwood Creek 3,730,000 25,700,000 8,400 9,170 1.09
Ward Creek 4,980,000 18,900,000 6,440 5,660 0.88
Trout Creek 3,980,000 28,400,000 6,540 5,390 0.82
Upper Truckee River 22,900,000 78,800,000 24,100 25,300 1.05
TOTAL 43,600,000 [ 183,000,000 56,700 56,700 1.00
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Table 4-12. Results of water quality calibration fo total phosphorus

Overland AR UCTefiE Ratio TP

Name Flow Bageflow Total Total (target /

(m3/year) (m*/year) Phosphorus Phosphorus modeled)

(kglyear) (kglyear)

Third Creek 1,070,000 5,600,000 843 1,170 1.38
Incline Creek 1,270,000 6,380,000 877 553 0.63
Glenbrook Creek 587,000 3,220,000 143 137 0.96
Logan House Creek 258,000 1,210,000 26 21 0.80
Edgewood Creek 1,430,000 2,630,000 203 214 1.05
General Creek 3,390,000 11,700,000 517 398 0.77
Blackwood Creek 3,730,000 25,700,000 2,320 2,710 1.17
Ward Creek 4,980,000 18,900,000 2,030 1,760 0.87
Trout Creek 3,980,000 28,400,000 1,000 954 0.95
Upper Truckee River 22,900,000 78,800,000 4,110 4,160 1.01
TOTAL 43,600,000 | 183,000,000 12,100 12,100 1.00

Once the upland model was calibrated, a summaay&fage annual upland loads was
obtained for each modeled stream. Simon providegstimate of total fine sediment
load vs. channel fine sediment load for each stréaom this information, the ratio of
channel fines to total fines was applied to the eded upland load as follows to obtain an
estimate of total fine sediment loads for all stnea

Total Fine Sediment Load = Upland Fines Load AH[Channel Fines/Total Fines])
From there, the channel fine sediment load becomes:
Channel Fines Load = Total Fines Load x [Channeé§&fiTotal Fines])

Time series comparison revealed that the timingfr@lambank erosion was not linearly
related to the timing of upland fines. Therefoteyas not representative to simply
multiply the modeled upland fines load by the strdmes ratio. However, streambank
erosion frequency appeared to vary closely withastiflow. Assuming a linear
relationship between streambank erosion and stfleamestimated channel loads were
distributed according to modeled flows from the CSiodel to generate time series of
channel fines sediments. This time series was supesed over the original upland
fines time series, resulting in a complete tota¢§ time series representation.

After appropriate water quality parameters forwaershed model were selected,
modeled results were compared against both theaabeata points and the estimated
pollutant loads. Figures 4-10 through 4-14 show C3Rodel results versus observed
data for TSS, TN, TP, DN, and DP.
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5. DISCUSSION OF MODEL RESULTS

Tables C-1 through C-8 and Figures C-1 through Gi2%ppendix C present a detailed
summary of the Lake Tahoe Watershed Model res@tsne general observations are
described below regarding the influence of elevatiocation, and landuse on the model
predicted results for water yield, sediment, antlient loads. The last section of the
results summary ranks the top ten contributorgims of total load and unit-area yield
for relative comparison and trend assessment.

Elevation

Elevation has the biggest effect on predicted wgitdd. Higher elevations tend to
receive higher amounts of snowfalls. In general stibwatersheds in the same region,
unit-area flow increases as elevation increasesal flow volume, location, and landuse
are factors that directly influence model-predidigatls.

Location

The Lake Tahoe watershed has distinct orographitifes that vary spatially. By
categorizing the watershed into north, south, eet,west quadrants; one can see
distinct spatially variable patterns. Unit aredavaield varies by quadrant. The west
guadrant is wettest while the east is the drigste prevailing weather patterns in the
basin are significantly influenced by the topogiaphklief. If one considers two
subwatersheds with the same elevation on the wlestad east side, the western
subwatershed will typically experience over twodsithe volume of precipitation and
water yield as its eastern counterpart. Total lmlume has a direct effect on the
predicted model load.

Landuse

Table 5-1 shows the percent of total contributionUpland TSS, Upland Fines,
Nitrogen and Phosphorus from each of the 20 landategories. Marked in bold are
values for which a single landuse category contebgreater than 10% of the total load.
A cursory review shows a fairly consistent corrielatof flow yield with area. Table 5-1
also shows that the largest contributors are géneregetated areas and roads. While
roads represent a relatively small amount of ahesy, are impervious surfaces which
they tend to serve as conduits of flow from surchog areas. As modeled,
concentrations from road surfaces are higher thasetfrom other pervious and
impervious areas. In general, while urban areaesent a relatively small percentage of
the watershed area, they exhibit a disproportionaigher level of fine sediment and
nutrient loads. Finally, it's noteworthy to meartithat the “Water_Body” landuse was
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retained in the landuse list to complete the wlasdance. There are several smaller high
elevation lakes that were not explicitly modelddhe associated water surface areas
contribute flow from direct precipitation, but dotrdirectly generate pollutant loads.

Table 5-1. Landuse area distribution and percent aatribution to the model
predicted outputs

Upland Upland Total Total
~EmEEe A How %J'SS Fpines Nitrogen Phosphorus

Residential_SFP 4.0% 3.8% 1.7% 2.3% 5.4% 7|5%
Residential MFP 1.0% 0.9% 1.3% 1.9% 1.5% 2.2%
CICU-Pervious 0.9% 0.7% 1.3% 1.9%% 1.0% 1.5%
Ski_Runs-Pervious 0.5% 0.7% 4.1% 2.5% 0.6% 1|3%
Veg_EP1 5.7% 5.2% 0.1% 0.1% 2.3% 1.4%
Veg EP2 46.3% 41.1% 4.0% 3.2% 20.9% 13.4%
Veg_EP3 26.1% 27.0% 17.6% 13.5% 16.4% 12.4%
Veg_EP4 8.9% 9.7% 33.1% 25.9% 6.4% 6.3%
Veg_EP5 0.2% 0.3% 4.0% 3.20 0.2% 0.4%
Veg_Recreational 0.2% 0.2% 0.20% 0.2% 0.2% 0/3%
Veg_ Burned 0.2% 0.2% 1.0% 0.8po 0.4% 0.8%
Veg Harvest 0.29 0.2% 0.8% 0.620 0.2% 0.5%
Veg_Turf 0.5% 0.4% 0.0% 0.0% 0.9% 2.0%
Water_Body 1.7% n/a n/a nfa n/a n/a
Residential_SFI 0.9% 1.3% 2.0% 2.71% 7.6% 8.4%
Residential_MFI 0.4% 0.5% 2.3% 3.5P0 4.8% 4.0%
CICU-Impervious 0.5% 0.7% 5.0% 7.4% 5.2% 5.3%
Roads Primary 0.3% 0.4% 10.8% 16.2% 5.4% 12.2%
Roads_Secondary 1.3% 2.1% 8.6% 12.9% 20.2% 18.1%
Roads_Unpaved 0.2% 0.2% 2.0% 1.4% 0.4% 2/0%

TSS and Upland Fines Loads

The largest overall Vegetated area sediment ymtdsrred in areas with the highest
Erosion Potential. Urban areas, especially roalds, were high sediment producers.
The largest sediment yields occur in the BlackwGoglek and Ward Creek regions, since
they experience the highest levels of precipitaind unit-area water yield. As
previously described, while urban areas represegiatively small percentage of the
watershed area, they exhibit a disproportionataidr level of fine sediment load.
Examples of this are the developed areas surrogridatine and Third Creeks, and the
city of South Lake Tahoe. Figures C-13 and C-lagWshnit-area total and fine sediment
yield by subwatershed.

Total Nitrogen & Total Phosphorus

The trend for Nitrogen and Phosphorus appear tods influenced by landuse and
location. The wetter more urbanized subwatershedsntervening zones on the west
side are the largest contributors on a unit-arsgsbarhe urbanized regions surrounding
Incline and Third Creeks area, and the City of Bdustke Tahoe also show high nutrient
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yields. The lowest levels in the eastern quadnaith, even lower levels in less
developed areas. Both TN and TP follow the samemgé trends. Figures C-15 and C-
16 show unit-area TN and TP yields by subwatershed.

Ranking Analysis

Included in the appendix are graphs of the togctentributors for flow, sediment, and
nutrients. In terms of total water volume or ptdht load, this correlated fairly well with
the size of the watershed; however, looking at-aret yield the member list often
changes, sometimes dramatically. For example eAdyiper Truckee is the largest
sediment contributor in terms of total load, it psmut of the top ten subwatersheds when
computed as sediment yield per drainage area. henttend appears when looking at
fine sediment versus total sediment. The fouhefihtervening zones make the top-ten
list of fine sediment contributors, despite theiatively smaller size. These four have a
higher concentration of urban landuses from wheveerfine sediment originate. Figures
C17 through C29 show the top ten lists.
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6. EXPLORATORY SCENARIO: POTENTIAL IMPACTS
ASSOCIATED WITH CLIMATE CHANGE

Understanding the potential effects of climate geaon pollutant loading to Lake Tahoe
is important to future management planning in thsiB. No regulations or pollutant
loads were developed as a result of this analysis. information is presented to inform
land managers of the potential impact of climatengfe on the hydrology of the Basin
and pollutant loading to Lake Tahoe. Although thisrmation is presented for
informational purposes it is critically importahiat additional analysis and climate
monitoring be included as part of adaptive managecieanges in the future.

The calibrated watershed model provides a frameWwrkvaluating the potential effects
of climate change. As previously described, clerddta, including precipitation,
temperature, dew point, wind speed, and cloud cesefe as the raw data inputs. In
addition, potential evapotranspiration (PEVT) anthsradiation are computed
derivatives of these five weather datasets. Theetnaged 8 discrete weather station
datasets which were evenly distributed around th&rB however, each of the 184
subwatersheds experiences a unique climate p&tteause temperature data are
corrected for elevation change using a lapse Esteh subwatershed also has a unique
land use distribution.

For process simulation, climate data drives thevéal/snowmelt processes, land based
hydrology, in-stream hydraulics and water qualigr this reason, changes in climate
data will exhibit a direct response throughousstdiges of the model. This section will
focus on the effects of climate change on overatienshed hydrologic response.

Development of Climate Change Projections

For this analysis, the USGS compiled a range ofighid results from 84 different
climate and hydrology model simulations for differemissions scenarios and
environmental sensitivities. The predicted climetanges are reflective of projected
conditions for the year 2050. The USGS reviewedstntial body of literature on
climate change, paying specific attention to thueseers published in peer-reviewed
journals and/or reports to or from high-level gowaent agencies with expertise in
climatology. The goal was to identify a range ahperature and precipitation changes
that are likely to occur in the northern and cdrgeats of the Sierra Nevada mountain
range in California and Nevada over the next 50syg@hanges in temperature and
precipitation over these areas have the potemtiaffect snowpack depth and extent, the
timing and volume of snowmelt runoff, and the bakaof precipitation that falls as rain
instead of snow. In a snow-dominated system likeSierra, even small changes in the
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amount, type, and timing of snowfall and/or snowmahoff could impact the hydrology
of the Lake Tahoe Basin. This in turn has greatmidl to change the volume and timing
of sediment and nutrient loading to Lake Tahoe. ddmral purpose of this effort to
understand the climatologic and hydrologic charagégahoe is to develop scenario
inputs for the TMDL watershed model.

Two important papers were identified in the literatreview that integrated and
synthesized the outputs of a wide variety of clemabdels and greenhouse gas
emissions scenarios into ensembles of likely cheinggemperature and precipitation.
The first of these, a paper by Dettinger (2005hefU.S. Geological Survey and Scripps
Institute uses a resampling approach that conttegtime series graphs of model-
projected temperature and precipitation changegraphs representing the
probability/projection distribution functions (PDFsf these two types of climate change
over time. This approach produces more than thal esufusing representation of
overlapping lines typically generated by climatedmils that each trace out single-model-
run results over time. Rather, this approach iatesgrall the results from three different
scenarios run through 6 different coupled ocearmsafrnere global climate models. The
resampling created over 20,000 data points spreadtbe entire 99-year time horizon
and principal components analysis was used to statet the interactions between
temperature and precipitation changes in the modéks PDFs produced with this
method project a range of warming between +2°C+ati€ and precipitation changes
between -30 to +25 centimeters per year (cm/yrg@89. The author also provides time
slices from the PDFs which show that by 2050 -tithe horizon of interest for this
project — the temperature change PDF is centeradaatt +2.3°C and the precipitation
PDF is centered between -5 to -10 cm/yr.

The second key paper (Cayan et al. 2006) is sinmlapproach, but does not produce
PDFs of likely outcomes. It does, however, prodelcgemble graphs of temperature and
precipitation changes from projections made by itfdr@nt model investigations of four
families of emissions scenarios. The global modébuts were then downscaled to a grid
of approximately 7 miles on a side. These enseauddyses show results that do not
differ dramatically from those in the Dettinger (&) paper. Indeed, since they use
somewhat different modeling, downscaling, and nagtalysis approaches, their close
agreement provide greater confidence that such imddbanges are representative of
what will occur if climate changes in the area.

This ensemble analysis concludes that Califormaptratures will increase by as little as
1.5°C in the lower emission scenario using the rhaité the lowest sensitivity to

climate change through increased greenhouse gasiens. The high end of increases is
4.5°C in the higher-emissions scenario and withoaensensitive model. These
projections are run out to 2099, so halving themegjia reasonable estimate of 2-3°C by
2050. Most simulations show more warming in the si@mthan in winter, while the

trend across the time horizon is approximatelydm&Vhile precipitation continues to
occur primarily in the winter, the projections fdranges in its absolute volume are
widely varied, with little change expected when &@verage is calculated. The central
estimate is a decrease of less than 5 cm/yr ihpoggipitation by mid-century. A
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spreadsheet was compiled containing a set of catibims of temperature and
precipitation changes that seem reasonable touseating inputs for the TMDL
watershed model. One of these scenarios is to apgéy’'s climate pattern with no
projected change (Baseline Projection). The cepstinate for temperature and
precipitation changes from the Cayan et al. (2@@@er and the Dettinger (2005) paper
were then used to create a Central Projection wihidhides a 2°C warming and a 10
percent decrease in total precipitation by mid-ggntThese scenarios then include
temperature increases of one standard deviatiaitber side of that central estimate
(1°C and 3°C increases above current temperatanesprecipitation changes one
standard deviation above and below the centrahasti (-25% and +15% of today’s total
precipitation, as well as a no change from todayeipitation). This method produced
the matrix of projections presented Table 6-1. &dbPR describes each scenario in detail.

Table 6-1. Matrix summary of climate change scenaois

Precipitation Temperature Change
Change 0°C 11°C +2°C 13°C
-25% 3 . 8 i
-10% 2 10 Central (1) 11
0% Baseline (0) 5 6 7
+15% 4 i 9 -

Table 6-2. Descriptions for climate change scenaso

No. Scenario Descriptions: PreCcrllp;:]agtg)n Teg;]):rr]a;t:re
0 | Baseline - - current climate conditions +0% +0C
1 | Central PROJ from 84 models -10% +2C
2 | Central PREC PROJ, no TEMP change -10% +0C
3 | 1 SD below mean PREC PROJ, no TEMP change -25% +0C
4 | 1 SD above mean PREC PROJ, no TEMP change +15% +0C
5 | No PREC change, 1 SD below mean TEMP PROJ +0% +1C
6 | No PREC change, central TEMP PROJ +0% +2C
7 | No PREC change, 1 SD above mean TEMP PROJ +0% +3C
8 | 1 SD below mean PREC PROJ, central TEMP PROJ -25% +2C
9 | 1 SD above mean PREC PROJ, central TEMP PROJ +15% +2C

10 | Central PREC PROJ, 1 SD below mean TEMP PROJ -10% +1C
11 | Central PREC PRQOJ, 1 SD above mean TEMP PROJ -10% +3C

#PROJ = projection, PREC = precipitation, TEMP = temperature, SD = standard deviation

The climate data that were used in the model iredlutktailed Snow Telemetry
(SNOTEL) precipitation and temperature, while thieeo dataset requirements were
compiled from the National Climatic Data Center (C). The model evaluation period
spanned a fifteen year time period from 1990 thiho2@04 that exhibited a natural
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weather variations of wet and dry years. The clemttta estimates are projected
expectations for the year 2050. For this analysesclimate data for each scenario was
prepared by uniformly modifying the 15-year baselbondition according to the climate
change projection matrix. For example, Scenarieat@l Projection would have a
applied a uniform 10percent reduction in precipitatolume and a uniform°2

increase in temperature for the entire 15 yeaogeifihis approach not only preserves
the natural year-to-year weather variation fromdhginal data, but also, does not
introduce any additional uncertainty associatedh wredicting the trajectory of how that
50-year climate change actually occurs. Also wadting is that since precipitation
changes are applied uniformly, they only changentagnitude and not the frequency of
precipitation events.

For climate change simulation, 11 new sets of lyowdather files were generated using
this uniform change approach. The matrix includese®ipitation changes and 3
temperature changes each applied to the 8 baMNQETEL timeseries. Also, since
PEVT is a function of temperature, 3 new setsroeseries were also generated at each
of the eight SNOTEL locations. Since wind speedy geint, and solar radiation are not
as spatially sensitive as the other three timeseoige averaged set was used for all
conditions at all locations. All in all, betweerepipitation, temperature, and PEVT, 72
unique hourly timeseries over a 15 year evalugtenod were generated in addition to
the 19 original baseline timeseries. They were doetbas specified by the matrix to
create 11 projected weather conditions in additiotme baseline condition.
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Watershed Model Results - Hydrology

The model output can be represented at any inteatesg@mporal or spatial point during
the course of the simulation. Considering the gpatid temporal extent of the dataset
driving the simulation (184 subwatersheds, 20 Isedul5 years of hourly simulation),
the model yields approximately 500 million datargsiper output parameter. The nine
output parameters selected for this analysis aganted in Table 6-3. These parameters
reflect both direct and indirect effects of climateange at various stages throughout the
simulated hydrologic cycle.

Table 6-3. Selected model output parameters foriohate change analysis

Output Parameter Description
PREC Total precipitation volume
AIRTMP Air temperature
SNOWF Snowfall volume (a subset of precipitation)
WYIELD Water yield from the snowpack (from melting or rain-on-snow)
PACK Snowpack water equivalent depth
PERO Total water outflow to streams (surface + baseflow)

While a high degree of spatial variation is botsetved and modeled by the Lake Tahoe
watershed model, it was theorized that the spagiahtion relative to the baseline
condition would holds fairly constant for all weattscenarios. To confirm this theory,
annualized snowpack depth (PACK) and total watditaw from land (PERO) were
computed for the 15 year simulation by subwaterstmetinormalized to the basin-wide
average snowpack and water outflow for the baselomelition, respectively. Figure 6-1
illustrates spatial variation for the 11 scenarglative to the baseline condition. Each
point on the graph represents a subwatershed avdiraged by the basin-wide average
for a given scenario. A value at (1,1) means tbbtvatershed’s value equals the baseline
basin-wide average, a point below indicates leas #verage, and points above indicate
greater than average. A value at (2,1) on thagkeiph means that for that individual
subwatershed, while the baseline snowpack was tivecbasin-wide average, the
climate change scenario predicted that subwatersh@apack as equal to the baseline
basin-wide average (a 50 percent reduction in sactvpelative to baseline). For
scenarios where both precipitation and temperateehanged, there is greater variance
in predicted snowpack, since elevation also infagsnsnow prediction. When looking at
total water outflow, the variance is masked byghesence of baseflow volumes. In
general, subwatersheds with greater than averagyepsick under baseline conditions

will also have greater than average snowpack ucideate change scenarios, even if the
“slope” or magnitude changes. It is therefore reabte to conclude that relative spatial
variation is preserved for each scenario. Forrgason, the focus of the following
discussion will be basin-wide average values.
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Figure 6-1. Spatial variation of subwatershed snopack and total flow for the 11
scenarios relative to the baseline condition.

Comparing two transects of the climate change méfiable 6-1) shows model
sensitivity in terms of (a) precipitation changera with no temperature change
(baseline vs. Scenarios 2, 3, and 4), and (b) testyoe change alone with no
precipitation change (baseline vs. Scenarios &n@,7). The “a” transect results
proportionally altered the overall precipitationwme and subsequent processes. They
are clearly distinguished as the pink, yellow amdjioise series in Figure 6-1, which
show uniform spatial magnitude change. The “b” ¢eant results preserved overall
precipitation volume; however, the temperature gearresulted in a shift in the rainfall
vs. snowfall distribution, a change in net watetflow, and noticeable shifts in the
timing of snowfall and snowmelt sequences. Figuieilfustrates the average
snow/rainfall distributions as well as average satenshed outflow for the “b” transect
scenarios. Figure 6-3 shows the same data sumnpdoitsd as a function of temperature
change.

76



Snowfall (infyear) Rainfall (infyear) =~ —&— Flow to Streams (in/year)

07 11.5 15.5 20.1 24.1
35 A
f§? 30
> o o o
E 25 - v v M
@ 26.7 26.4 26.1 25.9
> 20 A
(]
>
5 151
5
= 10
5 |
29.7 25.7 21.1 17.1
0
+0 +1 +2 +3
Temperature Change (Deg-C)
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Figure 6-3. Percent change in precipitation distbution and net water yield vs.

temperature change for Scenarios 5, 6 and 7 relagvto baseline.

Figure 6-3 indicates a linear trend over the 3-deg@ample space considered in this

analysis. In general, a 1 degree C increase indeaityre results in a 10 percent shift of
water from snowfall to rainfall, and a 1 percerdrgase in hydrologic evaporative losses.

An indicator of interest is the effects of climateange on the shape, maximum depth and
timing of the snowpack for all 11 scenarios relatio baseline. For each subwatershed,
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PACK was area-weighted and aggregated on a dasig baform an annualized daily
snowpack profile. For example, PACK for first ddyeach year (1990 through 2004), are
multiplied by watershed area, added together (L%egaimes 184 subwatersheds) and
divided by total watershed area to get a repreteatdanuary 1 value for the annualized
profile. This process was repeated for every dah@nsimulation for each of the 11
scenarios as well as baseline. Table 6-4 is a suynofi@nnualized snowpack
characteristics for all scenarios relative to haselFigure 6-4 plots the annualized daily
snowpack profiles for the 15 year simulation peri@d interesting observation is that the
January 1, 1997 extreme storm event is noticealge after averaging over 15 years.

Table 6-4.  Summary of snowpack characteristics foall scenarios relative to

baseline
Date Relative to Baseline (Days) Peak
Scenario Snowpack | Snowpack | Snowpack | Pack | Peak | Pack Duration Percent
>0.5in Peak <0.5in Start | Shift End Change
Baseline Oct 20 Mar 6 Jul 2 0 0 0 256 0%

Central (1) Nov 10 Feb 27 May 11 +21 -8 -52 183 -61%
2 Oct 25 Mar 6 Jun 25 +5 0 -7 244 -14%

3 Oct 26 Mar 6 Jun 10 +6 0 -22 228 -35%

4 Oct 18 Mar 6 Jul 18 -2 0 +16 274 +22%

5 Oct 25 Mar 6 Jun 15 +5 0 -17 234 -29%

6 Oct 29 Feb 27 May 20 +9 -8 -43 204 -54%

7 Nov 17 Feb 24 Apr 27 +28 -11 -66 162 -712%

8 Nov 17 Feb 24 Apr 28 +28 -11 -65 163 -712%

9 Oct 26 Feb 27 Jun 1 +6 -8 -31 219 -42%

10 Nov 9 Feb 25 Jun 1 +20 -10 -31 205 -40%

11 Nov 25 Feb 24 Apr 22 +36 -11 -71 149 -717%

—e— Baseline (Scenario 0) Central (Scenario 1) Others (Scenarios 2 - 11)

15.04

\
J
[y
(o2}
I

(About 61%)

Average Snow Depth (in
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Figure 6-4. Annualized snowpack profiles for all senarios relative to baseline.
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APPENDIX A: MODEL CALIBRATION RESULTS

PLACEHOLDER for remaining calibration graphs andiés at the USGS/LTIMP gages.
Ward Creek results are presented with detailedidfson in Section 4.
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APPENDIX B: LAKE TAHOE WATERSHED MODEL LAND
USE RUNOFF PARAMETERIZATION

This section presents the runoff concentratiorth®@fpollutants of concern that were used
to parameterize the modeled land uses of the Laked watershed model.

Water quality parameters are specified at the les&dlevel for each subwatershed, and
representative runoff concentrations are requinegssociate the components of the
estimated bulk load with each land use unit. Repesgarch completed on nutrient and
suspended sediment concentrations of runoff aedsis in the Lake Tahoe Basin was
used to estimate watershed-specific loading rdtioa number of land uses. The runoff
concentrations used in the initial model run haserbupdated with more representative
information. The new values are presented in TBble

Table B-1. Values recommended for use in the Lakeahoe Watershed Model to
represent concentrations from surface runoff from pecific land use/land covet

Total

Total Dissolved Total Dissolved
Hensied e Use Sug;())(ﬁgged Nitrogen Nitrogen Phosphorus | Phosphorus

Residential SFP"* 47 1.46 0.12 0.39 0.12
Residential MFP"° 125 2.37 0.35 0.49 0.12
CICU Pervious® 247 2.06 0.24 0.59 0.07
Ski Runs Pervious

- Heavenly 39 0.30 0.11 0.10 0.03
- Homewood 47 0.41 0.01 0.14 0.04
- Diamond Peak 5238 2.17 1.97 1.47 0.05
Vegetated Unimpacted 0.7 0.14 0.01 0.03 0.02
Vegetated Recreational 383 0.86 0.01 0.52 0.17
Vegetated Burned®

- Wildfire®

- Prescribed Burns® Equivalent Roaded Area (ERA) Methodology °
Vegetated Harvest®

Vegetated Turf 10 4.06 0.41 1.25 0.22
Residential SFI*° 47 1.46 0.12 0.39 0.12
Residential MFI>° 125 2.37 0.35 0.49 0.12
CICU Imperviousd 247 2.06 0.25 0.59 0.07
Roads Primary 793 3.27 0.60 1.65 0.08
Roads Secondary 793 3.27 0.60 1.65 0.08
Roads Unpaved 846 1.95 0.01 1.27 0.40

%Values are as milligrams N or P per liter.

b = impervious, P = pervious.

°SF = single-family, MF = multiple-family.

dcICU = commercialfinstitutional/communications/utilities.
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®Concentrations equal to unpaved roads, but areas will be adjusted based on ERA values.

The following information describes how the concatibns in Table B-1 were obtained:

Residential Single-Family, Residential Multi-Faméyd CICU, Pervious and
Impervious.Concentrations were taken from EMC analysis obfudata from

the Tahoe Research Group Stormwater Monitoring $24tdoy Heyvaert, Thomas
and Gunther). No distinction can be made at thie tbetween runoff
concentrations of pervious and impervious fractions

Ski Runs Pervioud his land use includes lands in otherwise vegdtateas for
which trees have been cleared to create a runthifbe ski areas in the
watershed—Heavenly, Homewood, and Diamond Peake~reay different
runoff characteristics, and consequently they avdeted separately. The
concentrations are based on stream data at eaaheskibackground values, and
the area of the ski runs.

Vegetated Unimpacted hese are forested areas that have been minimally
impacted in the recent past. Concentrations aredbas stormwater monitoring
by A. Heyvaert.

Vegetated Recreationalhis land use includes lands that are primardgatated
and are characterized by relatively low-intensggsiand small amounts of
impervious coverage. These include the unpavedopsrof campgrounds, visitor
centers, and day use areas. Final values werelat@dassuming the area is
represented by 40 percent roads and 60 percerst.fore

Vegetated TurfThese are large turf areas with little impervicoserage, such as
golf courses, large playing fields, and cemetefatf) potentially similar land
management activities. Concentrations are basegbpincation ratios and land
turf areas for golf course versus residential. Adow to the U.S. Army Corps of
Engineers Lake Tahoe Groundwater report, the ddtfertilizer application for N
and P for Residential:Golf Courses was approxingatdéd assuming the Home
Landscaping Guide instructions are followed. Wite assumption that most N/P
runoff from residential land comes from fertilizgoplied to lawns and the
estimate of total residential areas to lawns i§:1.D, these values represent 1.25
x 2.5 = 3.125 times the mean of Single-Family Resiichl. Estimates do not
account for infiltration of N/P. The recommendedST&ncentration is based on
best professional judgment.

Roads PrimaryConcentrations obtained from data in Caltrans3Z30mmary
report (CTSW-RT-03-054.36.02), and a report from@IDand DRI looking at
highway stormwater runoff and BMP effectivenesgortions of SR 28 and US
50 in Nevada (Publication No. 41209).
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Roads SecondariNo direct data were available for secondary roads
Concentrations were assumed to be the same asrpriozals.

Roads UnpavedConcentrations were based on data from McKinnglyi¢dn Rd
Forest Service data. Values shown are the medidf samples at the road.
Independent calculation based on the Sierra Nekzadssystem Project sediment
loadings by road slope, returned 955 mg/L for TSS.

Vegetated Burned'hese are areas that have been subject to dedtimnirns
and/or wildfires in the recent past. The concerdnstused are the same as
unpaved roads, but the impact areas are adjussedi loan the Equivalent Road
Area obtained from the Forest Service for each evienaccount for the
diminishing impact of the event through time, agssion curve is used during the
calibration years.

Vegetated HarvestThese are lands that management agencies hanedhn the
recent past for the purpose of forest health afelhdéle space (areas cleared to
reduce the spread of wildfire). The concentratiosed are the same as unpaved
roads, but the impact areas are adjusted basdwedfquivalent Road Area
obtained from the Forest Service for each eventadtmunt for the diminishing
impact of the event through time, a recession cigwsed during the calibration
years.
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APPENDIX C: WATERSHED MODEL RESULTS

Table C-1. Summary of annual surface, base and tdtdlow volumes by watershed

£ £ €
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1| IVZ1000 1000 1,130 1,660 2,800
1 [ MILL CREEK 1010 369 1,920 2,290
1 [ INCLINE CREEK 1020 1,270 6,380 7,640
1 | THIRD CREEK 1030 1,070 5,600 6,670
1 [ WOOD CREEK 1040 387 1,810 2,200
1 [ BURNT CEDAR CREEK 1050 193 223 416
1 | SECOND CREEK 1060 196 1,290 1,490
1 | FIRST CREEK 1070 184 1,680 1,870
1| IVvZ2000 2000 755 3,630 4,390
2 | SLAUGHTER HOUSE 2010 935 3,730 4,670
1 | BLISS CREEK 2020 82 427 509
1 | SECRET HARBOR CREEK 2030 417 2,680 3,100
1 [ MARLETTE CREEK 2040 1,540 3,310 4,850
1 [ BONPLAND 2050 110 673 783
1 | TUNNEL CREEK 2060 109 1,220 1,330
2 [ IVZ3000 3000 1,420 3,450 4,870
2 | MCFAUL CREEK 3010 511 2,120 2,630
2 | ZEPHYR CREEK 3020 222 955 1,180
2 | NORTH ZEPHYR CREEK 3030 316 1,510 1,830
2 | LINCOLN CREEK 3040 289 1,430 1,720
2 | CAVE ROCK 3050 99 416 515
2 | LOGAN HOUSE CREEK 3060 258 1,210 1,460
2 | NORTH LOGAN HOUSE CREEK 3070 134 840 974
2 | GLENBROOK CREEK 3080 587 3,220 3,810
3 | IVZ4000 4000 1,990 2,210 4,210
3 | BIJOU CREEK 4010 766 1,450 2,220
2 | EDGEWOOD CREEK 4020 1,430 2,630 4,060
2 | BURKE CREEK 4030 420 1,790 2,210
3 | IVZ5000 5000 2,200 2,620 4,810
3 | UPPER TRUCKEE RIVER 5010 22,900 78,800 102,00(
3 | TROUT CREEK 5050 3,980 28,400 32,400
4 | IVZ6000 6000 768 3,990 4,750
4 | IVZ6001 6001 805 1,420 2,230
4 | GENERAL CREEK 6010 3,390 11,700 15,100
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4 | MEEKS 6020 4,130 12,500 16,700
4 | SIERRA CREEK 6030 439 1,330 1,770
4 | LONELY GULCH CREEK 6040 573 1,640 2,210
4 | PARADISE FLAT 6050 295 955 1,250
4 | RUBICON CREEK 6060 1,380 4,370 5,750
4 | EAGLE CREEK 6080 2,350 10,100 12,500
3 | CASCADE CREEK 6090 2,370 6,530 8,900
3 | TALLAC CREEK 6100 630 3,350 3,980
3 | TAYLOR CREEK 6110 17,800 27,700 45,500
4 | UNNAMED CK 6120 146 397 542
4 | IVZ7000 7000 1,610 2,860 4,470
4 | BLACKWOOD CREEK 7010 3,730 25,700 29,400
4 | MADDEN CREEK 7020 1,090 3,210 4,290
4 | HOMEWOOD CREEK 7030 562 1,570 2,130
4 | QUAIL LAKE CREEK 7040 773 2,230 3,000
4 | MKINNEY CREEK 7050 2,620 7,100 9,720
4 | IVZ8000 8000 1,560 2,960 4,510
1 | DOLLAR CREEK 8010 92 958 1,050
1 | UNNAMED CK LAKE FOREST 1 8020 215 562 777
1 | UNNAMED CK LAKE FOREST 2 8030 113 878 991
1 | BURTON CREEK 8040 258 4,570 4,830
1| TAHOE STATE PARK 8050 84 911 995
4 | WARD CREEK 8060 4,980 18,900 23,904
1| IVZ9000 9000 1,470 4,790 6,260
1 | KINGS BEACH 9010 95 362 457
1 | GRIFF CREEK 9020 272 3,740 4,010
1| TAHOE VISTA 9030 560 3,970 4,520
1 | CARNELIAN CANYON 9040 225 2,630 2,860
1 | CARNELIAN BAY CREEK 9050 49 771 820
1| WATSON 9060 127 1,940 2,070
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Table C-2. Summary of annual upland TSS, upland fias, channel fines and total fines loads
by watershed
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11| 1vZ1000 1000 435 336 @ 336
1| MILL CREEK 1010 114 94 g 94
1 | INCLINE CREEK 1020 546 42( 16 436
1| THIRD CREEK 1030 292 211 23 234
1| WOOD CREEK 1040 98 70 0 71
1 | BURNT CEDAR CREEK 1050 80 60 4 64
1| SECOND CREEK 1060 51 26 0 26
1| FIRST CREEK 1070 79 29 0 3
1| 1vVZ2000 2000 114 97| 0 97
2 | SLAUGHTER HOUSE 2010 11 9 1 10
1| BLISS CREEK 2020 10 8 0 9
1| SECRET HARBOR CREEK 2030 28 23 0 23
1| MARLETTE CREEK 2040 28 23 2 25
1 | BONPLAND 2050 3 2 0 2
1| TUNNEL CREEK 2060 4 3 0 3
2 [ IVZ3000 3000 28 23 0 23
2 [ MCFAUL CREEK 3010 2 1 0 2
2 | ZEPHYR CREEK 3020 1 1 0 1
2 | NORTH ZEPHYR CREEK 3030 1 1 0 1
2 | LINCOLN CREEK 3040 3 2 0 2
2 | CAVE ROCK 3050 1 0 0 0
2 | LOGAN HOUSE CREEK 3060 5 4 0 4
2 [ NORTH LOGAN HOUSE CREEK 3070 2 1 0 1
2 | GLENBROOK CREEK 3080 32 26 22 47
3 [ IVZ4000 4000 292 248 @ 248
3 | BIJOU CREEK 4010 85 71 0 71
2 | EDGEWOOD CREEK 4020 26 22 5 21
2 | BURKE CREEK 4030 7 6 0 6
3| IVZ5000 5000 150 122 @ 122
3 | UPPER TRUCKEE RIVER 5010 2,219 1,309 2,259 3,569
3 | TROUT CREEK 5050 257 205 3 208
4 | IVZ6000 6000 122 96| 0 96
4 | IvVZ6001 6001 129 103 @ 108
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4 | GENERAL CREEK 6010 160 59 48 107
4 | MEEKS 6020 137 54 Y. 66
4 | SIERRA CREEK 6030 35 23 0 23
4 | LONELY GULCH CREEK 6040 36 25 0 25
4 | PARADISE FLAT 6050 11 7 0 7
4 | RUBICON CREEK 6060 90 59 3 67
4 | EAGLE CREEK 6080 40 22 0 27
3 | CASCADE CREEK 6090 20 13 0 13
3 | TALLAC CREEK 6100 52 31 0 37
3 | TAYLOR CREEK 6110 272 137 3 139
4 | UNNAMED CK 6120 16 11 0 11
4| IVZ7000 7000 469 304 d 301
4 | BLACKWOOD CREEK 7010 1,816 839 878 1,71
4 | MADDEN CREEK 7020 918 268 d 269
4 | HOMEWOOD CREEK 7030 908 272 d 272
4 | QUAIL LAKE CREEK 7040 405 123 d 128
4 | MKINNEY CREEK 7050 192 88 q 88
4 | IVZ8000 8000 524 405 d 405
1| DOLLAR CREEK 8010 113 51 1 5]
1 | UNNAMED CK LAKE FOREST 1 8020 92 65 0 64
1 | UNNAMED CK LAKE FOREST 2 8030 92 47 0 47
1| BURTON CREEK 8040 366 117 1 118
1| TAHOE STATE PARK 8050 57 32 0 37
4 | WARD CREEK 8060 2,994 1,439 48b 1,92
1| 1vVZ9000 9000 679 468 d 468
1| KINGS BEACH 9010 57 29 0 29
1 | GRIFF CREEK 9020 300 114 5 119
1| TAHOE VISTA 9030 489 223 Y, 225
1| CARNELIAN CANYON 9040 168 70 q 7(
1| CARNELIAN BAY CREEK 9050 39 14 0 14
1| WATSON 9060 119 39 q 3¢
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Table C-3. Summary of annual surface, base and tdtaitrogen loads by watershed
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1| 1vZ1000 1000 2,631 28( 2,911
1| MILL CREEK 1010 593 341 934
1 | INCLINE CREEK 1020 2,173 1,127 3,300
1| THIRD CREEK 1030 1,846 978 2,824
1| WOOD CREEK 1040 651 311 962
1| BURNT CEDAR CREEK 1050 465 38 502
1| SECOND CREEK 1060 230 220 45(
1| FIRST CREEK 1070 118 285 403
1| 1vZ2000 2000 502 582 1,084
2 | SLAUGHTER HOUSE 2010 140 249 389
1 | BLISS CREEK 2020 33 69 107
1| SECRET HARBOR CREEK 2030 108 438 546
1| MARLETTE CREEK 2040 132 541 673
1| BONPLAND 2050 20 109 124
1| TUNNEL CREEK 2060 23 218 24(
2| IVZ3000 3000 1,039 229 1,268
2 | MCFAUL CREEK 3010 131 217 349
2 | ZEPHYR CREEK 3020 52 98 15(
2 | NORTH ZEPHYR CREEK 3030 33 156 184
2 | LINCOLN CREEK 3040 31 147 174
2 | CAVE ROCK 3050 20 43 63
2 | LOGAN HOUSE CREEK 3060 34 124 157
2 | NORTH LOGAN HOUSE CREEK 3070 12 56 69
2 | GLENBROOK CREEK 3080 166 216 383
3 | IVZ4000 4000 4,062 197 4,254
3 | BIJOU CREEK 4010 1,455 126 1,58]L
2 | EDGEWOOD CREEK 4020 1,154 217 1,371
2 | BURKE CREEK 4030 350 189 539
3| IVZ5000 5000 2,484 314 2,80D
3 | UPPER TRUCKEE RIVER 5010 13,981 10,13 24,115
3 | TROUT CREEK 5050 4,046 2,492 6,538
4 | IVZ6000 6000 870 929 1,799
41| 1IVZ6001 6001 1,990 232 2,221
4 | GENERAL CREEK 6010 1,201 1,944 3,145
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4 | MEEKS 6020 1,376 2,084 3,460
4 | SIERRA CREEK 6030 380 221 601
4 | LONELY GULCH CREEK 6040 578 273 851
4 | PARADISE FLAT 6050 175 159 334
4 | RUBICON CREEK 6060 982 729 1,70Y
4 | EAGLE CREEK 6080 444 2,479 2,928
3 | CASCADE CREEK 6090 213 853 1,06}
3 | TALLAC CREEK 6100 291 427 712
3 | TAYLOR CREEK 6110 1,872 3,512 5,384
4 | UNNAMED CK 6120 188 65 254
4 | IVZ7000 7000 4,390 467 4,85p
4 | BLACKWOOD CREEK 7010 1,850 6,553 8,40p
4 | MADDEN CREEK 7020 419 533 952
4 | HOMEWOOD CREEK 7030 360 260 619
4 | QUAIL LAKE CREEK 7040 364 371 73%
4 | MKINNEY CREEK 7050 1,949 1,177 3,126
4 | 1IVZ8000 8000 5,588 514 6,10P
1| DOLLAR CREEK 8010 111 166 277
1| UNNAMED CK LAKE FOREST 1 8020 487 97 584
1 [ UNNAMED CK LAKE FOREST 2 8030 196 152 348
1 | BURTON CREEK 8040 61 805 864

1 | TAHOE STATE PARK 8050 108 160 268
4 | WARD CREEK 8060 2,883 3,561 6,444
1| 1VZ9000 9000 3,196 823 4,01p
1 | KINGS BEACH 9010 191 62 254
1 | GRIFF CREEK 9020 308 669 978
1| TAHOE VISTA 9030 1,078 695 1,778
1 [ CARNELIAN CANYON 9040 267 463 73(

1 | CARNELIAN BAY CREEK 9050 28 135 164
1| WATSON 9060 66 350 414

91



Table C-4. Summary of annual surface, base and tdtphosphorus loads by watershed
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1| 1vVZ1000 1000 772 60 831
1| MILL CREEK 1010 159 66 224
1 | INCLINE CREEK 1020 657 221 877
1 | THIRD CREEK 1030 632 211 843
1 | WOOD CREEK 1040 166 67 237
1 | BURNT CEDAR CREEK 1050 131 8 139
1 | SECOND CREEK 1060 49 47 96
1 | FIRST CREEK 1070 29 61 9(
1| 1VZ2000 2000 180 82 263
2 | SLAUGHTER HOUSE 2010 31 110 141
1| BLISS CREEK 2020 14 10 23
1 | SECRET HARBOR CREEK 2030 29 62 91
1 | MARLETTE CREEK 2040 33 76 109
1 | BONPLAND 2050 3 15 18
1 | TUNNEL CREEK 2060 4 42 45
2 | IVZ3000 3000 169 102 27(
2 | MCFAUL CREEK 3010 22 30 52
2 | ZEPHYR CREEK 3020 9 14 23
2 | NORTH ZEPHYR CREEK 3030 7 21 29
2 | LINCOLN CREEK 3040 8 20 28
2 | CAVE ROCK 3050 4 6 9
2 | LOGAN HOUSE CREEK 3060 9 17 26
2 | NORTH LOGAN HOUSE CREEK 3070 4 25 29
2 | GLENBROOK CREEK 3080 47 96 143
3 | IVZ4000 4000 739 21 76(
3 | BIJOU CREEK 4010 260 14 277
2 | EDGEWOOD CREEK 4020 134 69 207
2 | BURKE CREEK 4030 43 26 69
3 | IVZ5000 5000 477 42 514
3 | UPPER TRUCKEE RIVER 5010 2,782 1,324 4,110
3 | TROUT CREEK 5050 728 272 1,000
4 | IVZ6000 6000 439 13§ 574
4| 1VZ6001 6001 639 26 664
4 | GENERAL CREEK 6010 302 21§ 517
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4 | MEEKS 6020 324 231 55%
4 | SIERRA CREEK 6030 125 24 144
4 | LONELY GULCH CREEK 6040 163 30 193
4 | PARADISE FLAT 6050 45 18 62
4 | RUBICON CREEK 6060 311 80 391
4 | EAGLE CREEK 6080 112 356 468
3 | CASCADE CREEK 6090 45 111 156
3 | TALLAC CREEK 6100 69 55 12§
3 | TAYLOR CREEK 6110 367 462 829
4 | UNNAMED CK 6120 60 7 67
4 | IVZ7000 7000 1,717 3 1,770
4 | BLACKWOOD CREEK 7010 821 1,503 2,324
4 | MADDEN CREEK 7020 351 59 41(
4 | HOMEWOOD CREEK 7030 398 29 427
4 | QUAIL LAKE CREEK 7040 183 41 224
4 | MKINNEY CREEK 7050 508 130 638
4 | 1IVZ8000 8000 2,858 92 2,950
1| DOLLAR CREEK 8010 53 36 84
1 | UNNAMED CK LAKE FOREST 1 8020 136 21 157
1 | UNNAMED CK LAKE FOREST 2 8030 65 33 94
1 | BURTON CREEK 8040 34 174 204
1 | TAHOE STATE PARK 8050 41 35 76
4 | WARD CREEK 8060 1,443 591 2,034
1| 1IVZ9000 9000 951 174 1,12y
1 | KINGS BEACH 9010 48 13 61
1 | GRIFF CREEK 9020 117 144 263
1| TAHOE VISTA 9030 489 150 64(
1 | CARNELIAN CANYON 9040 99 100 194
1 | CARNELIAN BAY CREEK 9050 14 29 43
1| WATSON 9060 23 77 10d
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Table C-5. Summary of basin-wide annualized surfacand baseflow volumes by land use
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1 | Residential_SFP 2,610 14,400
2 | Residential_MFP 465 3,370
3 | CICU-Pervious 370 2,760
4 | Ski_Runs-Pervious 819 2,410
5| Veg_epl 3,350 20,300
6 | Veg_ep2 26,800 157,000
7 | Veg_ep3 18,700 102,000
8 | Veg_ep4 6,070 37,900
9| Veg_ep5 260 1,250
10 | Veg_Recreational 127 607
11 | Veg_Burned 201 861
12 | Veg_Harvest 94 664
13| Veg_Turf 219 1,720
14 | Water_Body 19,800 0
15| Residential SFI 5,740 0
16 | Residential_MFI 2,240 0
17 | CICU-Impervious 3,040 0
18 | Roads_Primary 1,810 0
19 | Roads_Secondary 8,970 0
20 | Roads_Unpaved 164 688
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Table C-6. Summary of annual upland TSS, upland fias loads by land use and flow-

weighted basin-wide average concentration
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1 | Residential SFP 26P 205 103 78
2 | Residential_ MFP 194 17p 418 3y0
3 | CICU-Pervious 204 17% 555 474
4 | Ski_Runs-Pervious 69b 237 848 2|78
5| Veg_epl 21 9 @ 3
6 | Veg_ep2 691 290 2p 11
7 | Veg_ep3 3,05( 1,230 163 66
8 | Veg_ep4 5,81( 2,360 957 388
9| Veg_ep5 684 288 2,640 1,110
10 | Veg_Recreational a1 17 326 1B5
11| Veg_Burned 189 69 9411 342
12 | Veg_Harvest 142 54 1,520 577
13| Veg_Turf 7 3 34 17
14 | Water_Body n/a n/a n/a n/a
15| Residential_SFlI 319 243 56 42
16 | Residential_ MFI 35§ 31p 160 141
17 | CICU-Impervious 784 678 260 222
18 | Roads_Primary 1,720 1,470 950 g11
19 | Roads_Secondary 1,380 1,180 154 131
20 | Roads_Unpaved 354 126 2,150 170
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Table C-7. Summary of annual surface and baseflowotal nitrogen loads and flow-weighted

basin-wide average concentrations by land use
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1 | Residential SFP 4,920 1,980 1.883 0.138
2 | Residential_ MFP 1,31p 484 2.813 0.144
3 | CICU-Pervious 89] 378 2.4Q7 0.185
4 | Ski_Runs-Pervious 415 352 0.5p7 0.146
5| Veg_epl 459 2,530 0.137 0.12p
6 | Veg_ep2 4,43( 22,100 0.165 0.141
7 | Veg_ep3 3,844 17,000 0.206 0.166
8 | Veg_ep4 1,30( 6,910 0.214 0.182
9| Veg_ep5 65 246 0.250 0.198
10 | Veg_Recreational 153 g9 1.207 0.1447
11 | Veg_Burned 431 110 2.143 0.1p8
12 | Veg_Harvest 16% 8p 1.787 0.1p3
13| Veg_Turf 842 232 3.847 0.13%
14 | Water_Body n/a n/a n/a n/a
15| Residential_SFlI 9,44 nfa 1.644 n/a
16 | Residential MFI 5,860 n/g 2.616 n/a
17 | CICU-Impervious 6,38( n/a 2.103 n/a
18 | Roads_Primary 6,740 nfa 3.718 n/a
19 | Roads_Secondary 25,100 ma 2.794 n/a
20 | Roads_Unpaved 470 106 2.863 0.154
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Table C-8. Summary of annual surface and baseflowotal phosphorus loads and flow-
weighted average concentrations by land use
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o D = = o g
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— S © = 2
I 8 S o 5
% @ ot §
g @
j
N
1 | Residential SFP 1,950 343 0.745 0.024
2 | Residential_ MFP 565 op 1.215 0.0p7
3 | CICU-Pervious 384 638 1.037 0.023
4 | Ski_Runs-Pervious 370 51 0.4%2 0.21
5| Veg_epl 77 344 0.023 0.017Y
6 | Veg_ep2 780 3,290 0.024 0.02L
7 | Veg_ep3 910 2,870 0.044 0.028
8 | Veg_ep4 700 1,270 0.115 0.03#
9| Veg_ep5 82 44 0.316 0.03%
10 | Veg_Recreational 9P 13 0.713 0.021
11 | Veg_Burned 234 19 1.166 0.0p2
12 | Veg_Harvest 126 16 1.342 0.0R4
13| Veg_Turf 528 47 2.411 0.02Y
14 | Water_Body n/a n/a n/a n/a
15| Residential_SFlI 2,500 nfa 0.436 n/a
16 | Residential MFI 1,160 n/g 0.517 n/a
17 | CICU-Impervious 1,57( n/a 0.518 n/a
18 | Roads_Primary 3,640 nfa 2.007 n/a
19 | Roads_Secondary 5,400 m/a  0.602 n/a
20 | Roads_Unpaved 614 18 3.789 0.926

97



89%

O Res SF

E Res MF

m CICU

B Roads Pri
@ Roads Sec
®m Roads Unp
O Ski Runs

@ Veg Burned
O Veg Harvest
= Veg Turf

o Veg Rec

@ Vegetated

Figure C-1. Pie chart of percent of total flow (nf) contributed by land use.
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Figure C-2. Pie chart of percent of upland TSS (tome) contributed by land use.
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Figure C-3. Pie chart of percent of total nitrogenkg) contributed by land use.
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Figure C-4. Pie chart of percent of total phosphora (kg) contributed by land use.
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Figure C-5. Average unit area flow (n/ha) by land use.
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Figure C-6. Average unit area TSS (tonnes/ha) by hal use.
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Figure C-7. Average unit area total nitrogen (n¥kg) by land use.
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Figure C-8. Average unit area total phosphorus (rikg) by land use.
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Figure C-9. Upland TSS and upland fines loads by el use.
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Figure C-10. Surface and baseflow total nitrogen kds by land use.
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Figure C-11. Surface and baseflow total phosphorusads by land use.
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Project Streams
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Total Flow (m3/hectare)
1446 - 3055
3055 - 3785

B 3785 - 4545
I 4545 - 6360
I G360 - 11897
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Figure C-12. Unit-area annual water yield (n/ha) by subwatershed.
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Figure C-13. Unit-area annual total sediment yieldtonnes/ha) by subwatershed.
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Figure C-14. Unit-area annual fine sediment yieldtbnnes/ha) by subwatershed.
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Project Streams
[ ] Subwatersheds
Lake Tahoe
[] Lake Tahoe Basin
Total Nitrogen (kg/hectare)
0.16 - 0.75
0.75-1.56

[ 1.56 - 2.54
I 2.54 - 4.47

I 447 - 8.42

Figure C-15. Unit-area total nitrogen yield (kg/ha)by subwatershed.
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Figure C-16. Unit-area total phosphorus yield (kg/h) by subwatershed.
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Total Flow, m”3/yr

UPPER TRUCKEE RIVER ] 101,730,750
TAYLOR CREEK | | 45,504,067
TROUT CREEK [ ] 32,366,180
BLACKWOOD CREEK [ ] 29,447,697
WARD CREEK [ ] 23,852,863
MEEKS CREEK [ 16,658,991
GENERAL CREEK [[] 15,101,023
EAGLE CREEK [[] 12,457,243
MKINNEY CREEK [0] 9,719,006
CASCADE CREEK [ ] 8,899,830

Figure C-17. Top ten total flow contribututors.

Unit Area Total Flow, m”3/halyr

BLACKWOOD CREEK 110,194
TAYLOR CREEK | ] 9,541
WARD CREEK | ] 9,450
NVZ6001 | ] 8,439
HOMEWOOD CREEK | | 8,182
MADDEN CREEK | ] 8,108
LONELY GULCH CREEK | 7,935
MKINNEY CREEK | 7,851
QUAIL LAKE CREEK | 7,837
MEEKS CREEK | 7,789

Figure C-18. Top ten unit-area water yield contribdutors.

Upland TSS Load, tonnes/yr

WARD CREEK 2,994
UPPER TRUCKEE RIVER | ] 2,219
BLACKWOOD CREEK | 1,816
MADDEN CREEK [ ]918
HOMEWOOD CREEK [ ] 908
VZ9000 [ ] 679
INCLINE CREEK [ ] 546
VZ8000 [ ] 524

TAHOE VISTA | 489

27000 | 469

Figure C-19. Top ten total upland sediment contribtutors.
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Upland TSS Unit Area Load, tonnes/ha/yr

HOMEWOOD CREEK

] 3.482

MADDEN CREEK |

11.733

WARD CREEK |

BURNT CEDAR CREEK |

QUAIL LAKE CREEK |

\VZ1000 |

NZ7000 |

BLACKWOOD CREEK |
UNNAMED CK LAKE FOREST 1 |
KINGS BEACH |

 Juiiss
 Juom
 Juos7
_]0.859
[ ]oees
[ ]0629
[_]0.508
[__Jo0.489

Figure C-20. Top ten unit-area upland sediment comibututors.

Upland Fines Load, tonnes/yr

WARD CREEK

] 1,439

UPPER TRUCKEE RIVER |

] 1,309

BLACKWOOD CREEK |

839

VZ9000 |

INCLINE CREEK |
I\VZ8000 |

\VZ1000 |

NVZ7000 |
HOMEWOOD CREEK |
MADDEN CREEK |

4
E—
40
E—
Y
o
126

Figure C-21. Top ten total upland fine sediment camibututors.

Upl

and Fines Unit Area Load, tonnes/halyr

HOMEWOOD CREEK

] 1.043

BURNT CEDAR CREEK |

] 0.806

VZ1000

] 0.665

WARD CREEK |

] 0.570

MADDEN CREEK |

 0.507

\VZ7000 |

] 0.432

NVZ6001 |

UNNAMED CK LAKE FOREST 1 |
VZ8000 |

QUAIL LAKE CREEK |

——— Joaw
2
— Joa
E—

Figure C-22. Top ten unit-area upland fine sedimenyield contribututors.
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Channel Fines, tonnes/yr

UPPER TRUCKEE RIVER | 2,259

BLACKWOOD CREEK | 873
WARD CREEK 485

GENERAL CREEK [] 48
THIRD CREEK | 23
GLENBROOK CREEK | 22
INCLINE CREEK | 16
MEEKS CREEK |12
EDGEWOOD CREEK |5
GRIFF CREEK |5

Figure C-23. Top ten total channel fine sediment ettribututors.

Total Fines, tonnes/yr

UPPER TRUCKEE RIVER | 3,569
WARD CREEK | 1,924
BLACKWOOD CREEK | 1,712

VZ9000 [] 468
INCLINE CREEK [] 436
\VZ8000 []405
VZ1000 []336
VZ7000 [T]304
HOMEWOOD CREEK [17] 272
MADDEN CREEK [[] 269

Figure C-24. Top ten total fine sediment contributtors.

Total Fines Unit Area Load, tonnes/halyr

HOMEWOOD CREEK | 1.044
BURNT CEDAR CREEK | ] 0.862
WARD CREEK | ] 0.762
VZ1000 | ] 0.665
BLACKWOOD CREEK |  0.593
MADDEN CREEK | ] 0.507
VZ7000 | ] 0.432

VZ6001 [ ]0.390

UNNAMED CK LAKE FOREST 1 | 0.358

VZ8000 [ ]0.328

Figure C-25. Top ten unit-area total fine sedimenyield contribututors.
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Total Nitrogen Load, kg/yr

UPPER TRUCKEE RIVER

BLACKWOOD CREEK |
TROUT CREEK |
WARD CREEK |

VZ8000 |
TAYLOR CREEK |
NVZ7000 |
\VZ4000 |
IVZ9000 |

MEEKS CREEK |

— Y
I—
—
[ Jel02
[ 15384
[ 14852
[ 14,254
14019

3,460

| 24,115

Figure C-26. Top ten

total nitrogen contribututors.

VZ6001
VZ7000 |

BURNT CEDAR CREEK |
NVZ1000 |

VZ8000 |

VZ4000 |

UNNAMED CK |

Total Nitrogen Unit Area Load, kg/ha/yr

 8.421

] 6.903

16.775

| 4.948
| 4.467
3.610

| 5.755

UNNAMED CK LAKE FOREST 1 :
LONELY GULCH CREEK
BLACKWOOD CREEK

3.223
3.056
2.909

Figure C-27. Top ten unit-area total nitrogen yieldcontribututors.

Total Phosphorus Load, kg/yr

UPPER TRUCKEE RVER 4,110
\VZ8000 | ] 2,950
BLACKWOOD CREEK | | 2,324
WARD CREEK | 2,034
NVZ7000 | 1,770

VZ9000 [ ] 1,127
TROUT CREEK [ ] 1,000
INCLINE CREEK [ ]877

THIRD CREEK [ ] 843

VZ1000 [ ] 831

Figure C-28. Top ten total phosphorus contribututos.
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Total Phosphorus Unit Area Load, kg/hal/yr

IVZ6001

] 2.523

NVZ7000 |

| 2.517

IVZ8000 |

] 2.392

BURNT CEDAR CREEK

| 1.871

NVZ1000 |

] 1.643

HOMEWOOD CREEK |

| 1.637

UNNAMED CK |

UNNAMED CK LAKE FOREST 1 |
WARD CREKK |

BLACKWOOD CREEK |

0.959
0.866
0.806

0.804

Figure C-29. Top ten unit-area total phosphorus camibututors.
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